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C HE M I S T R Y. 



PART III. 



Defcription of the Inftruments and Ope* 

rations of Chemiftry. 



INTRODUCTION. 

IN the two former parts of this work, I defign- 
edly avoided being particular in defcribiog 
the manual operations of chemiftry ; becaufe I 
had found from experience, that in a work ap# 
propriated to reafoning, minute defcriptions of 
proceffes and of plates interrupt the chain of 
ideas, and render the neceflary attention both 
difficult and tedious to the reader. On the 
other hand, if I had confined myfelf to the 
fjimmary defcriptions hitherto given, beginners 
could have only acquired very vague concep- 
VoL. II. A tions 
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tions of pradlical chemiftry from my work, and 
muft have wanted both confidence and intereft 
in operations th^y could neither repeat nor tho- 
roughly comprehended. This want could not 
have been fupplied from books ; for, befides 
that there are not any which defcribe the mo- 
dern inftruments and experiments fufficiently at 
large, any work that could have been confulted 
would have prefented thefe things under a very 
different order of arrangement, and in a dif- 
ferent chemical language, which muft greatly 
tend to injure the main objedl of my perform- 
ance. 

Influenced l?y thefe motives, I determined to 
rcferve, for a third part of my work, a fummary 
defcription of all the inftruments and manipu- 
lations relative to elementary chemiftry. I con- 
iider it as better placed at the end than at the 
beginning 'of the book ; becaufe, otherwife, I 
muft have been obliged to fuppofe the reader 
converfant with circumftances which a beginner 
cannot know, and to become acquainted with 
which he muft have previouHy read the elemen- 
%fery part. The whole of this third part may, 
therefore, be confidered as refembling the ex- 
planations of plates, which are ufualty placed at 
the ^nA of academic memoirs, that they may not 
interrupt the connediop of the text, by length- 
ened defcription, 

Thoug^^ 
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Though I have taken great pains to render 
this part clear and methodical, and have not 
omitted any efiential inftrument or apparatus, I 
am far from pretending by it to fet aiide the 
neceflity of attendance upon le&ures and labo- 
ratoriesi fot fuch as wifli td acquire accurate 
knowledge of the Jbience of chemiftry* Thefe 
ihould familiarize themfelves to the employment 
of apparatus, and to the performance of experi- 
ments by adual experience. Nihil eft in inteU 
le^u quod non prius fuerit in Jenfu, the motto 
which the celebrated Rouelle caufed to be paint- 
ed in large chara&ers on a confpicuous part of 
his laboratory, is an important truth never to 
be loft fight of either by teachers or ftudents of 
chemifti'y. 

Chemical operations may be naturally divided 
into feveral clafles, according to the purpofes 
they ate intended for performing. Some may 
be confidered as purely mechanical, fuch as the 
determination of the weight and bulk of bodies, 
trituration, levigation, fearching or fifting, wafli- 
ing, filtration, &c, 'Others may be confidered 
as real chemical operations, becaufe they are 
performed by means of chemical powers and 
agents ; fuch are folution, fufion, &c. Some of 
thefe are intended for feparating the elements of 
bodies from each other, fome for reuniting thefe 
elements together, and fome, as combuftion, pro- 

A 2 duce 
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ducc both thefe efFeds* during the fame pro- 
cefs. 

. Without rigouroufly endeavouring to follow 

th^; above method, I mean to give a detail of the 

chemical operations in fuch order of arrangement 

as feems beft calculated for conveying inftruc- 

tion. I fliall be more particular in defcribing 

the apparatus conciedled with modern chemif- 

try, becaufe thefe are hitherto little known by 

men who have devoted much of their time to 

chemiftry, and even by many profeflbrs of the 

icience. 
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OF CHEMISTRt. 
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CHAP. I. 



Of the Injlrufnents neceffary for determining tbf 
Ahfolute and Specific Gravities of Solid arid 
Liqaid Bodies. 

THE beft method hitherto known for. deter- 
mining the quantities of fubftances fuhr. 
mitted to chemical experiment, or refulting from 
them, is by meai\9 of accurately conftruded beams 
and fcales, with properly regulated weights j 
which well-known operation is called weighing. 
The denomination and quantity of the weight 
ufed as an unit or ftandard for this purpofe are 
extremely arbitrary, and vary, not only ip diSejfr 
ent kingdoms, but even in different provinces 
of the fame kingdom, and in different cities of 
the fame province. This variation is of infinite 
confequence to be well underftood in commerce 
and in the arts ; but, in chemiftry, it is of no 
moment what particular denomination of weight 
be employed, provided the refults of experi- 
ments be expreffed in cotivenient fra6lions of 
the fame denomination. For this purpofe, un- 
til £tll the weights ufed in fociety be reduced to 
the fame ftandard, it will be fufficient for che- 
inills, in dliSerent parts, to ufe the comaion pound 

A3 of 
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of their own country, as the unit or ftandard, 
and to exprefs all its fradional parts in decimals, 
inftead of the arbitrary divifions now in ufe. 
By this method the chemifts of all countries will 
l?e thoroughly underftood hy each other ; as, al- 
though the abfolqte weights of the ingredients 
and produdls cannot be known, they will readily, 
and without calculation, be able to determine 
the relative proportions of thefe to each other 
with the utmoft aecura<!:y ; fo that in this way we 
fhall be poffeflfed of aniiniverfd language for this 
part of chemiftry. 

With this view I have long projeded to have 
the pound divided into decimal fraftions, and I 
have of late fucceeded, through the afliftance of 
Mr Fourche, balance-maker at Paris, who has 
executed it for me with great accuracy and judg- 
ment. I recommend to all who carry on experi- 
ments to procure fimilar divifions of the pound, 
which they will find both eafy and fimple in its 
application, with a very fmall knowledge of de- 
cimal fradions *. 

As 

• 

♦ Mr Layoiiier gives, in this pwt of his work, very 
accurate dire&ions for reducing tl\e compapn fu^divifioas 
of the French ppuiid into decinxstl fra&ions, and vice lierfa^ 
by means of tables, fubjpined to this ^^d part. As thefe 
inftruftions, and the table, would b^ ufelefs to the Britifli. 
chenaift, from the difference between the fubdivifions of 
the French and Troy pounds, I have omitted them, but 

have 
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As the ufefulnefs and accuracy of chemiftry 
depend entirely upon the determination of the 
weights of the ingredients and produds, both 
before and after experiments, too much preci- 
fion cannot be employed in this part of the fub- 
jeft ; and, for this purpofe, we muft be provided 
with good inftruments. As we are often obli- 
ged, in chemical proceffes, to afcertain, within 
a grain or le(s, the tare or weight of large and 
heavy inftruments, we muft have beams made 
with peculiar nicety by accurate workmen, and 
thefe muft always be kept apart from the labo- 
ratory, in fome place where the vapours of acids, 
or other corrofive liquors, cannot have accefs, 
otherwife the fteel will ruft, and the accuracy of 
the balance be deftroyed. I have three fets, of 
different fizes, made by Mr Fontin with the ut- 
moft nicety, and, excepting thofe made by Mr 
Ramfden of London, I do not think any can 
compare with them for precifion and fenfibility. 
The largeft of thefe is about three feet long in 
the beam for large weights, up to fifteen or 
twenty pounds j the fecond, for weights of eigh- 

A 4 teen 
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liave fubjoined in the appendix accurate rules for con- 
verting the one denomination into the other, together 
widi tables for reducing the various diviHons of our 
Troy pound into decimals, and for converting thefe de- 
cimals into the ordinary divifions*— T. 
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teen or twenty ounces, is exad: to a tenth part of 
a grain ; and the fmalleft, calculated only fcH: 
weighing about one dram, is feniibly afTeded by 
the five hundredth part of a grain. 

Befides thefe nicer balances, which are only 
ufed for experiments of refearch, we muft have 
others of lefs value for the ordinary purpofes of 
the laboratory. A large iron balance, capable 
of weighing forty or fifty pounds, within half a 
dram ; one of a middle fize, which may afcer- 
tain eight or ten pounds, within ten or twelve 
grains ; and a fmall one, by which ab6ut a 
pound may be determined within one grain. 

We muft likewife be provided with weights 
divided into their feveral fradions, both vulgar 
and decimal, with the utmoft nicety, and veri- 
fied by means of repeated and accurate trials in 
tjjaie niceft fcales ; and it requires fome experi- 
ence, and to be accurately acquainted with the 
different weights, to ,be able to ufe them pro- 
perly. The beft way of precifely afcertaining 
the weight of any particular fubftance, is to 
weigh it twice, once with Ihe decimal divifions 
of the pound, and another time with the com- 
mon fubdivifions or vulgar fradtions, and by 
comparing thefe, we attain the utmoft accuracy. 
By the fpecific gravity of any fubftance, is 
Underftood the quotient of its abfolute weight 
divided by its magnitude, or, what is the fame, 
the weight of a determined bulk of any body. 

The 
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The weight of a deternynate magnitude of wa- 
ter has been generally aflumed as unity for this: 
purpofe ; and we exprefs the fpecific gravity of 
gold, fuJphuric acid, &c, by faying, that gold is. 
nineteen times, and fulphuric acid twice the 
i^eight of water, and fo of other bodies. 

It is the more convenient to aflume water as 
unity in fpecific gravities, that the fubftances 
whofe fpecific gravity we wifli to determine, are 
moft commonly weighed in water for that pur- 
pofe. Thus, if we wifti to determine the fpe- 
cific gravity of gold flattened under the ham- 
mer, and fuppofing the piece of gold to weigh 
4898- grs. in the air *, it is fufpended by 
means of a fine metallic wire under the fcale of 
a hydroftatic balance, fo as to be entirely im- 
merfed in water, and again weighed. The 
piece of gold in Mr Briffons experiment loft by 
this means 253 ^rj. ; and as it is evident that 
the weight loft by a body weighed in water is 
precifely equal |b the weight of the water dif- 
placed, or to that df an equal volume of water, 
we may conclude, that, in equal magnitudes, 
gold weighs 4898-^ grs. and water 253 grs. 
which, reduced to unity, gives i.oooo as the 
fpecific gravity of water, and 19.3617 for that 
of gold. We may operate in the fame manner 

with 

* Vide Mr Briffons Effay upon Specific Gravity, p. 5." 
-A. 



with all folid fubftances. We have, however^ 
rarely any occafion, in chemiftry, to determine 
the fpecific gravity of folid bodies, unlefs T^herl 
operating upon alloys or metallic glafies ; but 
we have very frequent neceffity to afcertain that 
of fluids, as it is often the only means of judg- 
ing of their purity or degree of concentration. 

This objed may be very fully accompliflied, 
with the hydroftatic balance, by weighing a fo- 
lid body, fuch, for example, as a little ball of 
rock cryftal fufpcnded by a very fine gold wire, 
firft in the air, and afterwards in the fluid 
whofe fpecific gravity we wi(h to difcover. The 
weight loft by the cryftal, when weighed in the 
liquor, is equal to that of an equal bulk of the 
liquid. By repeating this operation fucceffively 
in water and different fluids, we can very readi^ 
ly afcertain, by a fimple and eafy calculation^ 
the relative fpecific gravities of thefe fluids^ 
either with refped to each other or to water. 
This method is not, however, fiifliciently exadb, 
or, at leaft, is rather troubleCome, from its ex- 
treme delicacy, when ufed for liquids diflfering 
but little in fpecific gravity from water ; fuch, 
for inftance, as mineral waters, or any other 
water containing very fmall portions of fait in 
folution. 

In fome operations of this nature, which 
have not hitherto been made public, I employed 
an inftrument of great fenfibility for this pur- 

pofe 
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pofe^ith great advantage. It coniifts of a hol- 
low cylinder, 4 b cf^ PI. VII. fig. 6. of brafs, or 
rather of filver, loaded at its bottom, bcfj with 
tin, as- rcprefented fwimming in a jug of water, 
Imno. To the upper part of the cylinder is 
attached a ftalk of filver-wire, not more than 
three-fourths of a line in diameter, furmounted 
by a little cup^, intended for containing weights; 
upon the (talk a mark is made at g^ the ufe of 
which we (hall prefently explain. This cylin- 
dcr may be made of any lize ; but, to be accu- 
rate, ought at leaft to difplace four pounds of 
water. The weight 'of tin with which this in- 
ftrument is loaded ought to be fuch as will make 
it remain almoft in equilibrium in diftilled 
water, and ihould not require more than half 
a dram, or a dram at moft, to make it (ink 

to^. 

We muft fird determine, with great preci- 
(lon, the exa6l weight of the inftrument, and 
the number of additional grains requifite for 
making it firik, in diftilled water of a determi- 
nate temperature, to the mark : We then per- 
form the fame experiment upon all the fluids 
of which we wifh to afcertain the fpecific gravi- 
ties, and by means of calculation, reduce the 
obferved differences to a common (landard of 
cubic feet, pints, or pounds, or pf decimal frac- 
tions, comparing them with water. This me- 
thod, joined to experiments; with certain re- 
agents, 



^ ELEMENTS 

agents*, is one of the beft for determining the 
quality of waters, and is even capable of point- 
ing out differences which efcape the moft accu- 
rate chemical analyfis. I (hall, at fome future 
period, give an account of a very extenfive fet 
of experiments which I have made upon this 
fubjeft. 

Thefe metallic hydrometers a)te only to be 
ufed for determining the. fpecific gravities of 
fuch waters as contain only neutral falts or al- 
kaline fubftances ; and they may be conftrudted 
with different degrees of ballaft for alcohol and 
other fpirituous liquors. When the fpecific gra- 
vities of acid liquors are to be afcertained, we 
xnuft ufe a glafs hydrometer, as reprefented 
PL VII. fig. 14 f. This confifts of a hollow cy- 
linder of glafs, a b cf^ hermetically fealed at its 
lower end, and drawn out at the upper extremi- 
ty into a capillary tube «, ending' in the little 
cup or bafon d. This inftrument is ballafted 
with more or lefs mercury,^ the bottgm of the 
, -cylinder, introduced through the. tube, in pror- 

portion 

* For the ufe of tfiefe reagents, fee Bergmans excel- 
lent treatife upon the analyfis of mineral waters, jn his 
Chemical and Phyfical Effays.— T. 

t Previous to the year 1787, 1 have feen finaiilar glafs 
hydrometers, made for Dt Black by B. Knie, a very itt- 
genious artift in Edinburgh. — T. 
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portion to the weight of the liquor intended to 
be examined : We may introduce a fmall gradu- 
ated flip of paper into the tube ad; and, though 
thefe degrees do not exadly correfpond to the 
fraflions of grains in the different liquors, they 
may be rendered very ufeful in calculation. 

What is faid in this chapter may fuffice, with- 
out farther enlargement, for indicating the means 
of afcertaining the abfolute and fpecific gravities 
of folids and fluids, as the neceflaty inftruments 
are generally known, and may eafily be procu- 
red: But, as the inftruments I have ufed for 
meafuring and weighing the gafcs are not any 
where defcribed, I fhall give a more detailed ac- 
count of thefe in the following chapter. 



CHAP, 
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CHAP. II. 

Of Gazotnetfy^ or the Meafurement of the Weight 
tind Volume of ASriform Subjlances. 



SECT, L 



JPefcripiion of the Pneumato-cbemical Apparatus^ 



THE French chemifts have of late applied 
the name of pneurAato^chemical apparatus 
to the very fimple and ingenious contrivance, 
invented by Dr PrielUey, which is now indifpen^ 
fibly neceilary to every laboratory. This con- 
fifts of a wooden trough, of larger or ihialler 
dimeniions as is thought convenient, lined with 
plate-lead or Tinned copper, as reprefented iu 
perfpe6live, PI. V. Fig. i. — In Fig. 2. the fame 
trough or cittern is fuppofed to have two of its 
fides cut away, to fhow its interior conftrudion 
more diftinftly. In this apparatus, we diftin- 
guifh between t e fhelf ABCD, Fig. i. and 2. 
gdd tUe bottona or body of the cittern FGHI, 

Fig, 
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Fig. 2. The jars or bell-glafles are filled with 
"water in this deep part, and, being turned with 
their mouths downwards, are afterwards fet up« 

on the flielf ABCD, as fhewn PI. X. Fig. i. F . 

The upper parts of the fides of the cittern above 
the level of the (helf are called the rim or borders^ 

The cittern ought to be filled with water, fo 
as to ftand at leaft an inch and a half deep over 
the fhelf, and it fliould be of fuch dimenfions as 
to admit of at leaft one foot of water in*every di« 
redion in the well, or cittern. The fize above 
defcribed is fufficient for ordinary occafions ; but 
it is often convenient, and even necettary, to 
have more room ; I would therefore advife fuch 
9S intend to employ themfelves ufefully in che-» 
mical experiments, to have this apparatus made 
of confiderable magnitude, when their place of 
operating will allow. The well of my principal 
cittern holds four cubical feet of water, and its 
fhelf has a furface of fourteen fquare feet ^ yet, 
in fpite of this fi^e, which 1 at firtt thought im- 
moderate, I am often ttraitened for room. 

In laboratories, where a confiderable number 
of experiments are performed, it is neceffary to 
have feveral letter citterns, befides the large one, 
which may be called the general magazine ; and 
even fome portable ones, which may be moved 
when neceffary, near a furnace, or wherever 
they may be wanted. There are likewife fome 
Q^rations which dirty tl^e water of the appara- 
tus. 
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tus, and therefore require to be carried on in cif- 
tcrns by themfelves. 

It were doubtlefs confiderably cheaper to ufe 
cifterns of wood, limply dove-tailed, or iron- 
bound tubs, inftead of being lined with lead o^r 
copper ; ^nd in my firft experiments I ufed them 
made in that way, but I foon difcovered their 
inconvenience. If the water be not always 
kept at the.Xame level, fuch of the dovetails as 
are left dry ilirink, and, when more water is 
added, it efcapes through the joints, and ruits 
out. 

,We employ cryftal-jars or bell-glafles, PL V. 
Fig. 9. A. for containing the glafles in this ap- 
paratus J and, for tranfporting thefe, when full 
of gas, from one ciftern to another, or for keep- 
ing them in referve when the ciftern is too full, 
we make ufe of a flat difli BC, furrounded by a 
ftanding up rim or border, with two handles DE 
for carrying it by. 

After feveral trials of different materials, I 
have found marble the beft fubftance for con- 
ftruding the mercurial pneumato-chemical ap- 
paratus, as it is perfe<Sly impenetrable by mer- 
cury, and is not liable, like wood, to feparate at 
the junctures, or to allow the mercury to efcape 
through chinks ; neither does it run the rifk of 
breaking, like glafs, ftone-ware, or porcelain. 
Take a block of marble BCDE, Plate V. Fig. 3. 
^nd 4. about two feet long, 15 or 18 inches 

broac}. 
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broad and ten inches thick, and caufe it to b^ 
hollowed out, as at m //, Fig. 5. about four inches 
deep, as a refervoir for the mercury ; and, to be 
lible more conveniently to fill the jars, cut the 
gutter TV, Fig. 3. 4, and 5. at lead four inches 
deeper ; and as this trench may fometimes prove 
troublefome, it is made capiable of being covered 
atpleafure by thin boards, which flip into the 
grooves x y^ Fig* 5. IliaVe two marble citterns 
upon. thi& conftrudtion, pC different flzes, by 
which I can always employ Qne of them as a re- 
fervoir of mercury, which it preferves with more 
fafety than any othet veffel, being neither fub- 
jcd to overturny nor to any other aocident. We 
operate with mercury in this apparatus exadl^ 
as with water in the one before defcribed : ,but 
the bell-glaffes mud be of fmaller diametjers, ai^ 
much ftronger ; or we may ufe gl^fs^tpb^^ ha* 
ving their mouths widened,: ai| '\nJ£if^'T^^y. (Iiefe 
are called eudiometers by thd glafs-m^ir who fdl 
them. One of the bell-glafles is Jreprefented 
fig. 5. A. {landing in its place, and what is* call- 
ed a jar is engraved at Fig.*6.: j ■ ^ : 

The mercurial pneumato-chemic^l apparatus 
i« neceff*ry in all experiments wherein the dif- 
engaged gafos aife capable of being abfor)^ ^y 
Water, a» is fr^uentlythe cafe, efp^cially in a^U 
combinatidns, excepting tbofe of. metals, in fcgr- 
toentatioh, &c. A 

Vol.. IL B -SECT. 
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SECT. n. 



Of the Gazometer. -^ 

* I\gi^ie the name of gazometer \jq an inftmmei^t 
which I invented, ai%<i caiifed to be conftrudled, 
for *the purpofe of a kind of bellows, which 
might furnilh an unifomi and continued ilream 
6i oxygen gas in eiipariments of 'fafion. Mr 
M^ufnier and I havg fioce made very confider- 
' able corredions and additions, having converted 
it into* what may be called an unhcrfal injlru^ 
ftient^ without which it is hardly poffihle to per- 
^■Mrm moft of the very exaift experkments. The 
"iiainie we have given the inftrument indicatesits 
^itrtentibn for meaforing the volume or quantity 
' 6f gas ftfbmitted to it ioc examination, 
^'^^ confi^s of ^ fltqng iron beam, PE, PI. VIII. 
'•JFlg;-iy't4itefe fd^p- long, having at each end, D, 
4iild E, a fegment of a circle, likewilo ft!;ongly 
coiiftrufted of irpn, apd very firnoly joined. In- 
flead of being poifed as in ordinary balance^, 
this bejim refts, by means-of a cylindrical axis 
of polifhed fleel, F, Fig; 9. upon tiro large 
Vifie=vcable brafs friftioh-wbeeU^ by w^ich the 
irefiftaoce to its motion; from fridtion i& (ponlide^- 
febly dittiiniflied, beiiig converted iqtQ^ fridion 
of the fecond order. As an additional precau- 
tion. 
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tipn, the parts of thefe wheels which fupport 
the axis of the beam are coyered with plates of% 
poli(hed rock-cryftal. The whole of this machi- . 
nery is fixed to the top of < the folid column of 
wood BC, Figp I. T9 one extremity D of the 
beam, a fcale P for holding weights is fiifpend- 
ed by aflat chain, which applies to the curvature 
of the arc aHo, in a groove made for the pur* 
pofe. To the other extremity E of the beam is 
applied another flat chain, i k m, fo conftruded, 
as to be incapable of lengthening or fhortening, 
by being lefe or more charged with weight ; to 
this chain, an iron trivet, with three branches, 
a f, c i, and b i,is ftrongly fixed at 1, and thefe 
branches fiipport a large inverted jar A, of ham- 
mered copper, ^bout 18 inches diameter, and 
20 inches deep. The whole of this machine is 
reprcfented in perfpedive, PL VIII. Fig. i.; and 
Pl. IX. Fig. 2. and 4. give perpendicular fee- 
tions which (hew its interior ftrudure. 

Round the bottom of the jar, on its outfide, 
is fixed, PI. IX. Fig. 2. a border divided into 
compartments i, 2, 3, 4, &c. intended to re- 
feive leaden-weights feparately reprefented i, 
^f 3> F^S* 3* Thefe are intended for increafing 
the weight of the jar when a confiderable pref- 
fiire is requifite, as will be afterwards explained, 
though fuch neceffity feldom occurs. The cy- 
lindrical jar A is entirely open* below, d e, 
f J.. IX. Fig. 4. J but is clofed above with a cop- 

B 2 V per 
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pet lidj iif S tr, open at &/, artd capable of beingi^ 
ibilt by thfe cock ^. This lid, as iha)^ bfe feen by 
infpeaing^ the figures, is placed a^fe'v^ indh'es 
within the top of the jar, to prevefit the jar from 
being ever lentirely iiftmetfed in th^ water, and 
covered over : were I to have this infti^iiment made 
over again, 1 fliould caufe the lid to be c6nfider- 
ably more flattened, fo as to be almoft level. 
This jar or refervoir of air is contained in the 
cylindrical copper- veffel LMNO, R. V\ll. 
Fi^. li-iBUed with water. 

In thb middle of the cylindrical veflfel LMNO, 
PI. IX. rig. 4. aire placed two inhci s t;x y, 
which ate" lAade to approach each othet at their 
upper extremities t y^^^ thefe are ma:de of fuch a 
length as to rife a little above the upper edge 
IM. of the veflel LMNO, and when the jar 
abcde touches the bottom NO, their upper ends 
enter about half an inch into the con-ical hollow 
bf leading to the ftop-cock ^. 
* The bottom of the veflel LMNO, is rcprefent- 
ed PI. IX. Fig. 3. in the middle of which 2^ 
fmall hollow hemifpherical cap is foldered. Which 
may be confidered as the broad end of ;tr funnel 
reverfed ; the two tubes s t^ x y^ Fig. 4^ ate ad- 
apted to this cap ut s and x^ and by thig means 
communicate with the tubes 772777, nn; ooj pp^ 
Fig* 3. which are fixed horizontaliy'upbn' the 
bottom of the veflel, and all of which terminate 
in, and are united by, the fpherical cap ja;. Three 

fc ■ ■ ■ ' ' ' ' ^ 

of thefe tubes are continued out of the veflel fts in 

PI. 
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PI. VIII. Fig. J. The firfl marked in that figure 
I, 2, 3, is inferted at its extremity 3, by means 
of an intermediate ftop-cock 4, to the jar V. 
which Hands upon the fhelf of a fmall pneumato* 
chemical apparatus GHIK, the iniide of which 
is fliewn PL IX. Fig. i. The fecond tube is ap- 
plied againit the outiide of the veflel LMNO from 
6 to 7, is continued at 8^ 9^ 10, and at 11 is en- 
gaged below the jar V. The former of thcfc 
tubes is intended for conveying gas into the 
machine, and the latter for conducting fmall 
quantities for trials under jars. The gas is made 
either to flow into or out of the machine, accord- 
ing to the degree of preflure it receives ; and 
this preflure is varied at pleafure, by loading 
the fcale P lefs or more, by means of weights. 
When gas is to.be introduced into the machine, 
the pel]^ure is taken off, or even rendered ne- 
gative ; l;^ut wh^n gas is to be expelled, a pref- 
fure is ma^e with fuch degree of force as is found 
neceffary. 

> 

The third tube 12, 13, 14, 15, is intended for 
conveying air or gas to any neceflary place or 
^paxatus ibr combuftions, combinations, or any 
other experiment in which it may be. required* 

Ta explain the ufe of the fourth tube, I rauft 

fntef into fome difcuflions. Suppofe the veflel 

LMNO, PI. VIII. Fig. I. full of water, and the 

jar A partly filled with gas and partly with 

water ; ,|f is evident that the.wei^ts in the ba- 

B3 fon 
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fon P may be fo ad jutted, as to occafion an ex- 
8(9: equilibrium between the weight of. the bafon 
and of the jat, fo that the external air (hall nor 
tend fo enter into the jar, nor the gas to efcape 
from it ; and rn this cafe the water will ftand 
exadly at the fame kvel both within and with- 
out the jar. On the contrary, if the weight in. 
the bafon P be diminiflied, the jar will then prefs 
downwards' from its own gravity, and the water 
will ftand lower within the jar than it does 
without ; in this cafe, the included air or gas 
will fuffer a degree of compreflion above that 
experienced by the external air, exaftly propor- 
tioned to the weight of a column 6f water,* equal 
to the difference of the external and internal 
furfaces of the water.- 

From thefe reflexions, Mi* Meufnier contrived 
a method of determining the exatEt degree of pref. 
fure to which the gas containedjn the jar is at 
any time expofed. For this purpofe, he employs 
a double glafs fyphon 19, 20, 21, 22, 23, firmly 
cemented at 19 and 2j. The extremity 19 of 
this fyphon communicates freely with the water 
in the external veffel of the machine, and the 
extremity 23 communicates with the fourth 
tube at the bottom of the cylindrical veffel, and 
confequently, by means of the perpendFcular 
t^be s r, PI. IX. Fig. 4. with the air contained in 
the jar. He likewife cements, at 16^ PI. V III. 
Fig. I., another glafs tube 16, 17, i*, which 

communicateii 
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cbnirnunicates at i6 with the water in the exte- 
rior veflel LMNO, and^ at its upper end i8, is 
open to the external air. ^' 

By thefe feveral contriva^ceSt it is evident 
that the water muft ftand in the tube i^, 17, j8^ 
at the fame level with that in the qiftern LMNQ'} 
and, on the contrary, that, in the branch 19^ 
20, 21, It muft (land higher or lo\^er according 
as the air in- the jar isTubjedted to a greater or 
kfler prefTure than the external air* To afqer** 
tain thefe difier^ences, a brafs fcale dirided into 
inches and lines h fixed between thefe- two 
tubes. It is re^ily conceived that^ as air^ and 
all other elaftic fluids, mufl iiicreafe in weight 
by compreffion, it is neceflary to know their 
degree of condenfation to be enabled to calcu^^ 
late their quantities, and to convert the meafure 
of their -volumes into . correfpondent weights ; 
and thi^ objed is intended to be fulfilled by the 
contrivance now defcribed. 

But, to determine the fpecific gravity of air 
or of gafes^ and to afcertain their weight in a 
known volume, it is neceflary to know their tem- 
perature, as well 8S the degree of preflure under 
which they fubfift ; and this is accomplilhed by 
means of a fmall thjermometer, ftrongly cement- 
ed into a brafs collet, which fcrews into the lid 
of the jar A. This thermometer is reprefented 
feparately, PL VIII. Fig. 10. and in its place 
24, 25, Fig. I. and PL IX. Fig. 4. The bulb is 

B4 in 
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m the iniide of the jar A^ and its graduated ilalk 
rifes on the outfide of the lid. 

The pradice of gazometry would ftill have 
laboured under great difficulties^ without farther 
precautions than tbofe above defcribed. When 
the jar A links in the water of the ciftern 
LMNO/ it tnuft lofe a weight equal to that of 
the water which it difplaces ; and confequently 
the compreffidn which it n^ikes upon the con* 
tained mv or -gas muft be proportionally dimi- 
&i(hed. Hence the gas furnifhed, during experi- 
xnents frofn the machine, will not have the fame 
denfity towards the end that it had at the begin- 
iiingi as its fpecific gravky is continually dimi- 
nifhing. This difference may, it is true, be de- 
tentained by calculation ; but this would have 
^cafSoned^fudh mathematical invefligations as 
muft have rendered the ufc of this apparatus 
"both, troublefome and difficult! Mr Meufnier 
has remedied this inconvenience by the follow- 
ing contrivance. A fquare rod of iron, 26, 
ay, PI. VIII. Fig. I. is raifed perpendicular to 
the middle of the beam D£. This rod pafies 
through a hollow box of brafe a8, which opens, 
and maybe filled with lead^; and this box is 
made to Aide alongft the rod^ by means of a 
toothed pinion playifig in a rack, fo as to raife or 
lower the box, and to fix it at fuch places as is^ 
judged proper. 

Whpa the lever or beam DE (lands horizoo* 
' \ tal. 



OF CHEMISTRY. 25 

talf this box gravitates to neither fide; but, 
when the jar A finks into the ciftera LM NO^ 
fo as to make the beam incline to that fide, it is 
evident the loaded box a8, which then pafies 
beyond the center of fuipenfion, muft gravi- 
tate to the fide of the jar, and augment its 
preflure upon the included air. This is in* 
creafed in proportion as the box is railed to- 
wards 27, becaufe the iame weight exerts a 
greater power in proportion to the length of 
the lever by which it ads. Hence, by moving 
the box 2S along the rod 26, 27, we can aug- 
ment or diminifh the corredion it is intended 
to make upon the preflure of the j^r i and both 
experience and calculation fhew that this may 
be made to compenfate very exadly for the lofs 
of weight in the jar at all degrees of pr^urc. 

I have not hitherto explained the mofl: im- 
portant part of the ufe of this machine, which 
is the manner of employing it for afcertaining 
the quantities of the air or gas furnifhed during 
experiments^ To determine this with the moll 
rigorous precifion, and likewife the quantity 
fapplied to the machine from experiments, we 
fixed to the arc which terminates the arm of 
the beam E, PI. VII!. Fig. i; the brafs fedor 
/ m, divided into degrees and half degrees, 
which confequently moves in common with the 
beam ; and the lowering of this end of the 
beam is meafured by the fixed index 29, 30, 

which 
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which has a Nonius giving hundredth parts of a 
degree at its extremity 30. 

The whole particulars of the different parti 
of the above- defcribed machine are reprefented 
in PL VIII. as follow. 

Fig. 2. Is the flat chain invented by Mr Vau- 
canfon, and employed for fufpending the fcale 
or bafon P, Fig. i.; but, as this lengthens or 
ihortens according as it is more or lefs loaded, it 
would not have anfwered for fufpending the jar 
A, Fig. I. 

Fig. 5. Is the chain i k m^ which in Fig. i. 
fuftains the jar A. This is entirely formed of 
plates of pbliftied iron interlaced into each other, 
and held together by iron-pins. This chain 
does not lengthen in any fenfible degree, by any 
weight it is capable of fupporting. 

Fig. 6. The trivet, or three-branched ftir- 
yup, by which the jar A is hung to the balance^ 
with the fcrew by which it is fixed in an accu- 
rately vertical pofition. 

Fig. 3. The iron rod 26^ 27, which is fixed 
perpendicular to the centre of the beam, with its 
box 28. 

Fig. 7. & 8. The fridlion-wheels, with the 
plates of rock-cryftal Z, as points of contaft by 
which the fridlion of the axis of the lever of the 
balance is avoided. 

Fig, 
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Fig. 4. The piece of metal which fupport^ 
the axis of the fridion- wheels. 

Fig. g. The middle of the lever or beam, 
with the axis upon which it moves. 

Fig. 10. The thermometer for determining 
the temperature of the air or gas contained in 
the jar. 

When this gazometer is to be ufed, the cif- 
tern or external veffel, LMNO, PI. VIII. Fig. i. 
is to be filled with water to a determinate height, 
which fhould be the fame in all experiments'. 
The level of the water fliould be taken when the 
beam of the balance (lands horizontal ; this 
level, when the jar is at the bottom of the cif- 
tern, is increafed by all the water which it dif- 
places, and is diminiflied in proportion a§ the 
jar rifes to its higheft elevation. We next en- 
deavour, by repeated trials, to difcover at what 
elevation the box 28 muft be fixed, to render 
the preflure equalMn all fituations of the beam. 
I fhould have faid nearly, becaufe this correc- 
tion is not abfolutely rigorous ; and (Jifferences 
of a quarter, or even of half a line, are not of 
any confequence. This height of the box 2^ 
is not the fame for every degree of preflure, but 
varies according as this is of one, two, three, or 
more inches. All thefe fhould be regiftered with 
great order and precifion. 

We next take a bottle which holds eight or 
ten pints, the capacity of which Is very acctt- 

* rately 
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lately determined by weighing the water it is 
capable of containing. This bottle is turned 
bottom upwards, full of water in the ciilern of 
the pneumato- chemical apparatus GHIKy Fig. i. 
and is fet on its mouth upon the (helf of the 
apparatus, inftead of the glafs-jar V, having the 
extremity ii of the tube 7, 8, 9, 10, 11, iur 
ferted into its mouth. The inachine is fixed at 
zero of preffure, and the degree marked by the 
index 30 upon the fedor m I is accurately ob- 
feived ; then, by opening the flap- cock 8, and 
preflxng a little upon the jar A, as much air is 
forced into the bottle as fills it entirely. The 
degree marked by the index upon the fector is 
now obferved^ and we calculate what number 
oi* cubical inches correfpond to eaqh degree. 
We then fill a fecond and third bottle^ and fo 
on, in the fame manner, with the fame precau- 
tions, and even repeat the operation feveral times 
with bottles of difierent fixes, till at laft, by ac- 
curate attention, we afcertain the exadl gage or 
capacity of the jar A, in all its parts; but it is 
better to have it formed at firft accurately cy- 
indrical ; by which we avoid thefe calculations 
and eilimates. 

The inflrument I have been defcribing was 
conftruded with great accuracy and uncommon 
Ikill by Mr Meignie junior, engineer and phyfi- 
cal inftrument-maker. It is a moft valuable in- 
)|lrument, frcn^ the great number of purpofes to 

which 
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which it is applicable ; and, indeed^ thi^re are 
many experiments which are almoft impoffibie 
to be performed without it. It becomes es:« 
penfive, becaufe, in many experiments, fdch a$ 
the formatich of water and of nitric acid, it i^ 
abfolutcly rieceflary to employ two of the faAie 
machines. In the prefent advanced ftate of chc-J 
ihiftry, very expertfive and complicated inftru* 
ments arc become indifpenfably neceflary^ fo* 
afcertaining the analy lis and fynthefis of bodies^ 
with the requilite precifioh a^ to <]uantity and 
proportion ; it is certainly prope'r to end^avout 
to fimplify thefe, and to reiider t^m lefs coftly } 
but this ought by no means to be attempted at 
the expence of their conveniency of application^ 
and much lefs of their accuracy*. • 



SECT. Ul. 

Seme otbefhMetbods of meafuring the Volume of 

Gafes. 

■ •• , ... 

*The gaxometer defcribed in the foregoing 
fedion is too coftly and too complicated for ber 
ing generally ufed in laboratories for meafuring 
the gafes, and is not even applicable ta every 
circumftance of this kind. In numerous feries 
of experiments, more fimple and more readily 

applicable 
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applicable methods muft be employed. For this 
purpofe I ftiall defcribe the means I ufi^d before 
I was in poffeflion of a gazometer, and which I 
ftill ufe in preference to it in the ordinary cpurfe 
of my experiments. 

Suppofe that, after an experiment, there is a 
refiduum of gas, neither abforbable by alkali nor 
water, contained iq the upper part of the jar 
A£F, PI. IV. Fig. 3. ftanding on the fhelf of a 
pneuniato*chemical apparatus, of which we with 
to.afcertain the quaptity ; we mull firft mark the 
height to which the mercury or water rifes in 
the. jar with great e:{.adnefs, by means of flips 
of paper pafted in feveral parts round the jar. 
Jf we have been operating in mercury, we be- 
gin by difplacingj the niercury from the jar, by 
introducing water in its ftead. This is readily 
done by filling a bottle quite full of water ; ha- 
ving flopped it with your finger^ turn it up, and 
introduce its mouth below the edge of the jar j 
then, turnirxg down its body again, the mer- 
cury, by its gravity, faHs into the Settle, and 
the water rifes in the jar, and takes the place 
occupied by the mercury. When this is ac- 
compliftied, pour fo much water into the cif- 
tern ABCD as will ftand about an inch over the 
furface of the mercury ; then pafs the dilh BC, 
Pl. V. Fig. 9. under the jar, and carry it to the 
water - cittern. Fig. x and 2. We here ex- 
(?hange the gas into another jar, which has becR 

previoufly 
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previoully graduated ia the manner to be after« 
wards defcribed ; and we thus judge of the 
quantity or volume of the gas by means of the 
degrees which it occupies in the graduated jar. 

There is another method of determining the 
volume of gas^ which may either be fubllituted 
in place of the one above defcribed, or may be 
ufefuUy employed as a corredion or proof of 
that method* After the air or gas is exchanged 
•from the firft jar, marked with flips of paper, 
into the graduated jar, turn up the mouth of 
the marked jar, and fill it with water exadly to 
the marks EF, PL IV, Fig. 3. and by weighing 
the water, the volume of the air or gas it con- 
tained may be determined ; allowing one cubi- 
cal foot or 1728 cubical inches, French mea- 
fure, for each *]o libs. French weight, or the 
fame cubical volume in Englilh meafure for each 
75.84 libs. Englifli Troy, of the water. 

Th^ manner of graduating jars for this pur- 
pofe is very eafy, and we ought to be provided 
with feveral of different fixes, and even feveral 
of each fize, in cafe of accidents. Take a tall, 
narrow, and ftrong glafs-jar, and having filled 
it with water in the cittern, PI. V. Fig. i. place 
it upon the (helf ABCD ; we ought always to ufe 
the fame place for this operation, that the lev^l 
of the ftielf may be always exadly fimilar, by 
which almoft the only error to which this pro- 
9ef§ is liable will be ^avoided. , Theu take a na,r- 

row- 
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row-mo&thed phmU holding eXft^ly 5 ^..^ 
drams^ \7.grs. of water, which oorf^fpohd$ to iq 
cubical inches* If you have not on^ exafl;ly of 
this dimeniion, choofe one a little larger, and 
dtminilh its capacity to the fize requiiit^^ by 
dropping in a little^ melted wax and rofin» This 
fmall phial ferves the purpofe 6f 9 Ijtandarld fpv 
gaging the jats^ Make the air contained in this 
bottle pafs into the jar, and mark exadly the 
place to which the water has defcended ; add 
another meafure of air, and again mark the place 
of the water^ and fo on, till all the water be 
difplaced. It is of great confequence that, du- 
ring the courfe of this operation, the bottle and 
jar be kept at the fame temperature with the wa- 
ter in the ciftern ; and, for this reafon, we muft 
refrain as much as poffible from keeping the 
hands upon either, or, if we fufpeft they have 
been heated, we muft cool them again by means 
of the water in the ciftern. The height of the 
barometer and thermometer during this experi- 
xnent is of no confequence. , . 

When the marks have been thus afcertaincd 
wpon the jar for every ten cubical inches, we 
engrave a fcale upon one of its fides by means 
of a diamond penciK Glafs-tubes are graduated 
in the fame manner, for ufing in the mercurial 
apparatus, only they muft be divided into cu- 
bical inches, and tenths of a cubical inch. The 
bottle ufed for gaging thcfe muft hold 7 0%. 

I dr. 
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tdr;. x^'.'^rs. of mercury, which exadlly cor- 
rbfpdnd to a cubical inch of that metal. . 

Tbismethod of determining the volume of ^ic 
or gas, by means of a griiduated jar^ has the. a4«^ 
vantage of not requiring any correcSltOn fbr tjita 
difference of height betwieen the futface of the 
water within the jar, and in the cifteril ; but it 
requires cotreftions with rtfped 16 the height 
6f the barometer and thermometer; But, whea 
ive afcertain the violume of air by weighing 
the water which the jar is capable of contain- 
ing, up to the m^rks £F, it is necefTary to make 
a farther correftioil, for the difference between 
the furface of the water in the ciAern, and the 
height to which it rifes within the jar. This 
will be explained in; the fifth fedlion of this 
Chapter, 



SECT. IV. 

Of tbe Method of Separating the different Gafes 

from each other. 



As experiments often produce two, three, or 
more fpecics of gas, it is neceffary to be able to 
feparate thefe from each other, that we may af- 
certain th^ quantity and Ipecies of each. .5up- 
: Vol. II. C pofe 
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pofe that under, the jar A, PI. IV. Frg. 3. h 
contained a quantity of different gafes mixed: 
tbgether^ and ftatiding over mercury ; we begin 
bj^ marking with flips of paper, as before direct- 
ed> the height at which the mercury ftands 
within the glafs ; and then introduce about a cu- 
bical irtch of water into the jar, which wi« fwim 
over the furfece of the mercury : If the mixture 
of gas contains any muriatk: or fulphurous acid 
gai^ a rapid and coniiderable abforptioii will 
inftatitly take place,- from the ftrong tendency 
thefe two gafes have, efpeciaily the former, to 
combine with, or be abforbed by water. If the 
Xvater only produces a flight abforption of gas, 
hardly equal to its own bulk, we conclude, that 
the mixture neither cotttains muriatic acid, ful- 
phuric acidy or ammoniacal gas, but that it con^ 
tains carbonic acid gas, of which water only ab- 
forbs about its own bulk. To afcertain this 
conjedlure, introduce fome folution of cauftic 
alkali, and the carbonic acid gas will be gra- 
dually abforbed in the courfe of a few hours ; 
it combines with the cauftic alkali or gotalh, 
and the remaining gas is left almoft perfedlly 
free from any fenfible refiduum of carbonic acid 
gas. 

' After each experiment of this kind, we muft 
carefully mark the height at which the mercury 
ftands withm the jar, by flips of paper pafted 
on, and variiiflied over when dry, that they may 
^ - • - - • not 
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not be waflied off when placed in the water ap* 
|>aratut. It is likewife neceflary to regifter the 
difference between the furface of the mercury in 
the ciftern and that in the jar, and the height of 
the barometer and thermometer, at the end of 
each experiment* 

Whto lill the gas or gafes abforbable by wa- 
ter and. potafh are abforbed, water is admitted 
iiito the jar to difplaoe the mercury : and, as is 
defcribed in the preceding fedtion, the mercury 
in the ciftern is to be covered by one or two 
inches of vt^ater. After this, the jar is to be 
tranfported by means of the flat difh BC, PI. V. 
Fig. 9* into the water^ apparatus ; and the quan- 
tity o( gas remaining is to be afcertained by 
changing it into a graduated jar. After this^ 
fmaU ttials of it are to be made by experiments 
in tittle jars, to afcertain nearly the nature of 
the gad id queftion. For inftance, into ^ fmalt 
jar full of the gas, Fig. 8. PL V. a lighted taper 
16 introduced ; if the taper is not immediately 
extixiguiihed, we conclude the gas to contain 
oxygen gas ; and in proportion to the bright- 
ne& of the flame, we may judge if it contains 
lefs or more oxygen gas than atmofpheric ^ip 
contains. If, on the contrary, the taper be in* 
ft^tly" extinguifhed, we have ftrong reafon to 
lirefume that the refi<luuro is chiefly^tx)mpofed 
of a^zotic gas. If, upon the approach of the ta- 
per, the^'^as takes fire jand buirns quietly at the 

C 2 furface 
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furface with a white flame, lire conclude it t6 be^ 
pure hydrogen gas j if this flame is blue, we 
judge it confifts of carbonated hydrogen gas ^ 
and, if it takes fire with, a fudden deflagration^ 
that it is a mixture of oxygen and hydrogen gas* 
If, again, upon mixing a portion of the refidu* 
um with oxygen gas, red fumes are produced, 
we conclude thai it coi^tains nitrous gas. , 

Thefe preliminary trials give fome general 
knowledge of the properties of the gas, and 
nature of the mixture, bat are not »fuflicient to 
determine the proportions and quantities of the 
feveral afes of which- it is compofed* :, For this 
purpofe 9II the methods ofanalyfis mui|,be em- 
ployed; and; to dixoH thefe properly, it is of 
great ufe to have a previous^ approximation by 
th^ above methods. Suppose, for inftance, we 
know thait this refiduum confifts of oxygen and 
a?^otic gas mixed together, .put a determinate 
quantity, 10.0 parts, ijoito a graduated tube of 
ten or twelve lines diameter, introduce a folutiori 
of fulphuret of potafli in con tad; with the gas, 
and leave, them together for fome days.j the ful- 
phuret abforb€ the«^bole oxygen gas, and leaver 
tljje azotic gas pure. 

.If it is known to contain hydrogen gas, a de- 
terminate quantity i^ introduced into Voita*s 
eudiometer, along with a known prpportion x>f 
oxygen gas ; thefe are deflagrated together by 
means of the eledrical fparkv frefli portions of 
- . oxyge© 
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43xygen gas are fucceflively added, till no far* 
ther deflagration takes place, and till the greatefl: 
poffible diminution is produced. By this procefs 
water is formed, which is immediately abforbed 
by the water of the apparatus ; but, if the hy- 
drogen gas contain carbon, carbonic acid is form- 
ed at the fame time, which is not abforbed fo 
quickly ; the'quantity of this is readily afcertain- 
ed by affifting its abforption, by means of agita« 
tion. If the reliduum contains nitrous 'gas, by 
laddipg oxygen gas, with which it combines into 
nitric acid, we can very nearly afcertain its quan- 
tity, from the diminution produced by this mix- 
ture* 

I confine rayfelf to thefe general examples, 
which are fufficient to give an idea of this kind 
of operations ; a whole volume would not ferve 
to explain every poffible cafe. It is neceflary to 
become familiar with the analyfis of gafes by 
long experience ; we mud even acknowledge 
Jhat they moftly poffefs fuch powerful affinities to 
each other, that we are not always certain of ha- 
ying feparated them completely. In thofe cafes^ 
we muft vary our experiments in every poffible 
point of view ; adding new agents to the com- 
bination, and keeping out others, and muft con- 
tinue our trials, till we are certain of the truth 
and exactitude of ou||^onclufions. 

€3 SECT. 
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SECT. V. 

• ■ • ) 

Of the neccffary Cor regions upon the Volume qf 
the Ga/es, according to the Prejfure pf the AU 
mofpbere. 

AH claftic fluids arc compreflible or conden- 
fible, in proportion to the weight with which 
they are loaded. Perhaps this law, which is af- 
cf rtained by general experience, may fufFer fome 
irregularity when thefe fluids are under a degree 
of condenfation almoft fufficient to reduce them 
to the liquid ftate, or when either in a ftate of 
cxtremie rarefadtion or condenfation ; but wc fel- 
*dom approach either of thefe limits with moft of 
the gafes which we fubmit to our experiments. 
I underftandthispropofition of gafes being com- 
preflible, in proportion to their fuperincumbent 
weights, as follows : 

' A barometer, which is an inftrument gene- 
rally known, is, properly fpeaking, a fpecies of 
fyphon, ABCli>, Pi. XII. Fig. id. whofe leg AB 
is filled with mercury, while the leg CD is full 
of air. If we fuppofe tlie branch CD indefinitely 
continued till it equals tHK height of our atmo- 

■ * . • 

fphere, we can readily conceive that the baro- 
meter is, in reality, a fort of balance, in which 
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a column of mercury ftands in equilibrium with 
a column of air of the fame weight. But it i& 
unneceflary to prolongate the blranch CD to 
fuch a height, as it is evident that the barome- 
ter being immerfed in air, the column of mer- 
cury AB will be equally in equilibrium with- a 
column of air of the fame diameter, though the 
leg CD be cut off at C, and the part CD be ta- 
ken away altogether. 

The medium height of mercury in equili* 
brium wtth the weight of a column of air, from" 
the higheft part of the atmofphere to the furface 
<>f the earth, is about twenty-eight French or 
-19.85 Englilh inches in the lower parts of the 
city of Paris ; or, in other words, the air at the 
furface of the earth at Paris is ufually prefled 
upon by a weight equal to that of a column of 
mercury twenty-eight inches in height. I muft 
be uhderftood in this way, in the feveral parts 
of this pu^blication, when talking of the different 
gafes ; as, for inftance, when the cubical foot of 
oxygen gas is faid to weigh 538.45 grs. under 
119.85 inches preflure. The height of this co- 
lumn of mercury, fupported by the preflure of 
the air, diminifhes in proportion as we are ele- 
vated above the furface of the earth; or fathfcr 
above thejevel of the fea ; becaufe the mercury 
can only form an equilibrium with the column of 
air which is above it, and is not in the fmalleft de- 
gree affefted by the air which is below its level, 

C4 lo 
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In what ratio does the mercury ip the barpr 
meter<dcfce.o4 in proportioij to its eleya^on ? qr, 
which is the fame thing, accofding to what law 
or ratio do the fevieral ftrata qf the atmofpbere 
decreafe iw deqfity ? TJiis qu^dion, which has 
^xercifed thje ingenuity of natural philpfopbers 
during the laft century, is confiderably elucida- 
ted by th^ following experiment. 

If we take the glafs fyphon ABODE, PL XIL 
rig. 17. fliut at £, and open at A, and introduce 
a tv: w drops of mefcufy, fo as to intercept tl^Q 
communication of air between the leg AB an4 
the leg BE, it is evi4ent that the air contained 
in BCDE is preflTed upon, in common with the 
whole furrounding c\ir,, by a weight or columq 
pf air equal to 29.85 inches of mercury. But, if 
we pour 29.^5 inches of mercury into the leg 
AB, it is plain that the air in the branch BCDE 
will theq be pr^fled upon by a weight equal to 
fwice 29.53 inches of mercury, or twice the 
weight of the ^tn^ofptjere ; ^qd experience Ihews 
that, in this caf^, the included air, inftead of 
filling the tub - from £( to E, only occupies frona 
jC to £, or exadly one-half of the (pace it fille4 
before. If to this fir{^ column of niercury we 
add, two other port;ions of 29.85 inches each, in 
^he branch AB, the air in the branch BCDE wi^ 
be preffed upon by four times the weight of the 
^tmofphere. or fouy times the weight of 29.85 
jpches of mercury, and it will then only fill the 

fpacQ 
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fpace frcHA D to £, or exadly one-quarter pf 
|:he fpace -it occupied ^t the commencement of 
the experiment. From thefe experiments, which 
inay be infinitely varied, it has been deduced as 
a general law of nature, which feems applicable 
to all permanently elaftic fluids, that they di« 
minifli in volume diredly in proportion to the 
weight with which they are prefled ; or, in other 
words, " tbe volume of all elajlic fluids is in tbi 
*f inverfe ratio of the weight by whicb tbey are 
f* compreJpsdJ^ 

The experiments which have been m^de for 
meafuring the heights of mountains by means 
of the barometer, confirm the truth of thefe de- 
ductions ; and, even fuppofing them in fome 
degree inaccurate, thefe differences are fo ex- 
tremely fmall, that they may be reckoned as no- 
thing in chemical experiments. When this law 
of the compreflion of elaftic fluids is once well 
underflood, it becomes eafily applicable to the 
corredlions, neceffary in pneumato-chemical ex- 
periments, upon the volume of gas, in relation to 
its prefTure. Thefe cprredions are of two kinds, 
the one relative to the variations of the barome- 
ter, and the other for the column of water or 
mercury contained in the jars. I fhall endeavour 
to explain thefe by examples, beginning with 
the mofl fimple cafe. 

Suppofe that 100 cubical inches of oxygen 
gas are obtaiped at 54.5^ of the tbermomet^i^, 

and 



4% EL EM £ N T S 

Md at 50.37 inches of the barometer, k h wi 
quired to ki>ow what volume the i^co cubical 
inches of gas would occupy, under the preflure 
of 29.85 inches, and what is the exadt weight 
of the 100 inches of oxygen gas ? Let the un- 
known volume, or the number of inches this 
gas would occupy at 29.85 inches of the baro« 
meter, be expreffed by x ; and, fince the vo- 
lumes are 'in theinverfe ratio of their fuperin- 
cumbent weights, we have the foUowiug ftate- 
ment : 100 cubical inches is to x^ inverfely as 
30.37 inches of preffiire is to 29.85 ihches ; or 
diredly 29,85 : 30.37 : : 100 : xzz 101.741 •— 
cubical inches, at 29.85 inches barometrical pref- 
fure ; that is to fay, the fame gas or air which 
at 30.37 inches of the barometer occupies 100 
cubical inches of volume, will occupy 101.74X 
cubical inches when the barometer is at 29.85 
inches. It is equally eafy to calculate the weight 
of this gas, occupying 100 cubical inches, under 
30.37 inches of barometrical preflure ; for, as it 
correfponds to 1 01. 741 cubical inches at the 
preflure of 29.85 ; and as, at this preffure, and 
at 54.5"* of temperature, each cubical inch of 
oxygen gas weighs 0.31 1023 ^r. it follows, that 
100 cubical inches, under 30.37 barometrical 
preflure, muft weigh 31-644 grains* This con- 
clufion might have been formed more diredlly ; 
as, fince the volume of elaftic fluids is in the 
inverfe ratio of thcir.compreflion, their weights 

muft 
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tnuft be in the dired ratio of the fame compref* 
fioQ : Hence^ fince loo cubical inches weigh 
31.1023 grains, under the preflfureof 29.S5 in^ 
ches, we have the following ftatement to deter- 
mine the weight of 100 cubical inched of the 
fame gas at 30.37 barcfmetrical pre0bre ; 2^.85: 
31.1023 : : 30.37 : 9c, the unknown quantity,!? 
31.644. 

The following cafe is more complicated : 
Suppofe the jar A, PL XII. Fig. 18. to contain 
a quantity of gas in its upper part ACX>, the 
reft of the jar below CD being full of mercury, 
apd the whole ftanding in the mercurial bafon 
or refervoir GHIK, filled with mercury up to 
EF, and that the difference between the furfaec 
CD of the mercury in the jar, and EF, that in 
the ciftern, is fix inches, while the barometer 
ilands at 27.5 inches : It is evident from thefc 
data, that the air contained in ACP is prefied 
upon by the weight of the atmofphere, diminifli- 
ed by the weight of the column of mercury CE, 
or by 27.5 — 6==:2i.5 inches of barometrical pref- 
fure. This air is therefore lefs compreffed than 
the atmofphere at the mean height of the ba- 
rometer, and confequently occupies more fpacc 
than it would occupy at the mean preflure, the 
difference being exadly proportional to the dif- 
ference between the comprefling weights. If, 
then, upon meafuring the fpace ACD, it is 
found to be 120 cubical inches, it muft be re- 
duced 
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duced to tbe volume : ic^bich it would occupy 
under the meati prefTure .of 29.85 inches. This 
is done by the: following ftatement : 120 : x, th^ 
unknown volume, : ; 21.5 : 29.85 inverfely ; this 

gives ^afS^iSjS^s: 86.432 cubical inches. 

Iri thefe calculations Ve may either reduce 
the heigfet of the mercury in the barometer, and 
the difference of level in the jar and bafon, to 
lines, or to decimal friadlions of the inch ; but I 
prefer the latter, as it is more readily calculated. 
As, in thefe operations, which frequently recur, 
it is of great ufe to have means of abbreviation^ 
I have given a table in the appendix for redu- 
cing lines and frai^ions pf lines into decimaj 
fractions of the inch. 

In experiments performed in the water appara- 
tus, we muft make fimilar corredtions to procure 
rigoroufly exadl reiults, by taking into account, 
and making allowance for the difference of height 
of the water within the jar above the furface of 
the water in the cittern. But, as the preffure of 
the atmofphere is expreffed in inches and lines of 
the mercurial barometer, and, as homogeneous 
quantities only can be calculated together, we 
muft reduce the obferved inches and lines of wa- 
ter into correfpondent heights of the mercury. I 
have given a table in the appendix for this con- 
verfion, upon the fuppofition that mercury is 
|t3'568i times heavier than water. 

SECT. 
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SECT. VI. 



Q/* CorreSlioni relative to the Degrees of the Tber* 

mometer. 



In afcertaining the weight of gafes, befides 
^reducing them to a mean of a barometrical pref* 
Aire, as dixedled in the preceding fedion, we 
xiauft likewife reduce them to a ftandard ther* 
xnometrical temperature ; becaufe, all elaftic 
fluids being expanded by heat, and condenfed 
\>y cold, their weight in any determinate .volume 
is thereby liable to coniiderable alterations. As 
tihe temperature of 54.5° h a medium between 
T:he heat of fummer and the cold of winter, be- 
ing the temperature o( fubterraneous places, and 
That which is moft eafily approached to at all 
leaifons, I have chofen that degree as a mean to 
nvhich I reduce air or gas in this fpe^ies of cal- 
culation, 

Mr de Luc found, that atmofpheric air was 
increafed ~^ part of its bulk, by each degree 
of a mercurial thermometer, divided into 8i 
degrees, between the freezing and boiling 
points ; this gives ~- part for each degree of 

Reaumur? 
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Reaumurs thermometer^ which is divided into 
So degrees between thefe two points ; or - ' 
part for each degree of Fahrenbeits fcale, which 
is divided into 1 80 degrees between the fame 
fixed points. The experiments of Mr Monge 
feech to make this dilatation lefs for hydrogen 
gas, which he thinks is oitly dilated ^^ for 
each degree of Reaumur, or ^^ for each of 
Fahrenbeits degrees. We have not any exadt 
experiments hitherto publifhed refpeAing the 
^ ratio of dilat^ion of the other gafes ; but, from 
tbe trials which have been made, their dilata- 
liofl feems to drffer little from that of atmo- 
fpheric aiif. Hence I may take it for granted, till 
fkithcr experiments give ns 'better information 
upon tbisfubjetft, thit atmofpherlcal air is dila- 
ted ^^ part, and bydtogen gas ^ part for 
tfaqh degree of Re^umrfrs thermometer, or that 

atmofpheric air is dilated^^^ part, and hydro- 

gen gas j^ part fof each degree on the fcale of 
Fahrenheit ; but^ as there is ftill great uncertain^ 
ty upon thi§ point, we ought always to operate 
in a temperature as near as poffible to the Hand- 
ardof 54.5^ ; by this means any errors in cor- 
reding the weight or volume .of gafes by r^du- 
G^ng them to the common ilandard, will become 
of littls moment. 

The calculatioQ for . this corredion is ex^ 
tremely eafy- Divide tbe obferved volume of 

air 
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air b/ .2 JO, for Reaumurs fcale, or 472*5 for* 
that of Fahrenheit, and multiply the quotient by ' 
the degree of temperature above or below 54.5^j^ 
This corredibn is negative when the actual tem^''' 
perature is abqve the ftandard, smd pofitive when' 
below. By the ufe of logarithmetical tables, 
this calculation is much facilitated. 



SECT. VII. 



Example for calculating the CorreSlions relative to 
the variations of Prejftire and Temperature. 



V 



CASE. 

, . . . • 

In the jar A, PI. IV. Fig. 3. {landing in a 
"V^ter-apparatus, is contained 353 cubical inches 
^f air ; the furface of the water within the jar at 
ilF is 4~- inches above the water in the ciftern^ 
"the barometer is at 27 inches 9^ lines, and the 
'thermometer at 65.75*. Having burnt a quan- 
'tity of phofphorus in t^e air^ by which concrete 
jhofphoric acid is produced, the air after the 
^dmbuftion occupies 295 cubical inches, the wa- 
ter within the jar Hands 7 inches abovfe that ra 

the 
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the ciftern, the Isl^ometer is at 27 inches g^ 
lines, and the thermometer at 68"*... It is requi*. 
ced fromthefe data to determine the ad;aal vo-^ 
lume of air, before and after combufliony sLnd 
the quantity abforbed during the procefs. 



ttalcttlation before Combti/lion'. 



The air in the jar before combuftion was 353 
iSubical inches, but it wias only undei^ a baroitie-^ 
trical preffure of 27 inches pi lilies ; which, de- 
duced to decimal fraftions by Tab. I. of the Ap- 
pendix, gives 17.79167 inches ; and from this 
we muft deduft the: difference of ^\ inches of 
water, which, by Tab. II, correfponds to 0.33166 
inches of the barometer ; hence the real preffure 
6f the air in the jar is 27.460)61. As the vo- 
lume of elaftic fluids diitiinifties in the invdrf^ 
ratio of the compreffing weights, we have' the 
following ftatement, to reduce the 353 inches to 
the volumes the air would occUpy ait 28 inched 
barometrical preffure. 

353 t a:, the unknown volumie,: : 17.46601 : 28* 

Hence, x zz ^i2><ni^^ ~ 346.192 cubical in- 
ches, which is the volume the fame quantity 

of 
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^air would have occupied at 28 inches of the 
barometer. 

The 472.5th part of this correded volume is 
.73247, which, for the 11.25 degrees of tempe- 
rature above the ftandard, gives 8.24 cubical in- 
ches ; and, as this correAion is fubtraftive, the 
real corredled volume of the air before combuf- 
tion is 337.952 inches. 



Vakulation after Combujiion. 



By a fimilar calculation upon the volume of 
after combuftion, we find its barometri- 
-^al preffure 27.77083 — 0.51593 = 27.25490. 
Xlence, to have the volume of air under the 
Tpreflure of 28 inches, 295 : x : : 27.77083 : 28 

inverfely; or y=: ^^^^7,"^^^ = 287.150. The 

472.5th part of this correded volume, is .61, 
which, multiplied by 13.5 degrees of thermome- 
trical difference, gives the fubtradlive corredion 
for temperature, 8.235, leaving the adual cor- 
re6ked volume of air after combuftion 278.915^ 
inches. 



Vqj-. IL 3) R^fuh. 



§d Ej:,|;»«?:Hts. 



Re/ttlt, 

* 

The CQTitStcd volume before^ combuf- 

tion, . . - - 337-95* 

Bitto^ remaining after combuftion, « 278.915 



Volume abforbed during combuftion, 59*037 



SECT. VIII. 

Method qf determining the Abfolute Gravity of the 

different Gafes. 

Take a large balloon h^ PI. V. Fig. 10. ca- 
pable qf holding 17 or 18 pfnts^ or about half a 
jcubical foot, haying the brafs cap h^de ftrongly 
cemented tp its neck, and to which the tube and 
ftop-cock/^ is fi:^ed by a tight fcrew. This ap- 
paratus is conpeded by the double fcrew repre- 
fented feparately at Fig. 12. to the jar BCD 
Fig. 10., which mufl be foipe pints larger in di- 
menfions than the balloon* This jar is open at 
top, and is furni(hed with the brafs cap h f, and 
the flop- cock / m. One of thefe flop-cocks is 
reprefented feparately ^t Fig. 11. 

We 
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We firft determihe ^ the exaft capacity of the 
balloon by filling it with water, and weighing it 
both fiill and empty. When emptied of water, 
it is dried with a cloth introduced through its 
neck d e^ and the laft refkiains of moifture are 
removed by exhaufting it once or twice in an 

«air-pump. 

When the weight of any gas is to be afcer- 
tained, this ^paratus is ufed a^ follows : Fix 
the balloon A to the [plate of an air-pump, by 
means of the fcrew of the flop- cock /^, which is 
left open ; the balloon is to be exhaufted as com- 
i)letely as poilible, bbferving carefully the de- 
gree of exhauflion by means of the barometer 
attached to the air-pump. When the tacuum is 
fomied, the ftop-cock/^ is fhut, and the weight 
of the balloon determined with the moft fcru- 
pulous exaditude. It is then fixed to the jar 
BCD, which we fuppofe placed in water in 
the fhelf of the pneumato-chemical apparatus 
Kg. I. ; the jar is to be filled with the gas we 
mean to weigh, and then, by opening the ftop- 
cocks/^ and / w, the gas afcends into the bal- 
loon, whilft the water of the ciftern rifes at the 
feme time into the jar. To avoid very trouble- 
fotne corredions, it is necelTary, during this firfi 
part of the operation, to fink the jar in the cif- 
tern till the furfaces of the water within and 
without the jar exadly correfpond. The ftop- 
cocks are again fhut, and the balloon, being un- 

D 2 fcrewed 
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Jfcrewed from its connexion with the jar, is to 
be carefully weighed; the difference between 
(his weight and that of the exhaufted balloon is 
the precife weight of the air or gas contained in 
the balloon. Multiply this weight by 1728, the 
number of cubical inches in a cubical foot, and 
divide the produft by the number of cubical 
inches contained in the balloon, the quotient is 
the weight of a cubical foot of ^he gas or air 
fubmitted to experiment, 

Exad account muft be kept of the barometri- 
cal height and the temperature of the thermome- 
ter during the above experiment ; and from thefe 
the refultmg weight of a cubical foot is eafily 
correfted to the ftandards of 28 inches preflure, 
and 54.5° temperature, as direded in the prece- 
ding fedion. The fmall portion of air remain- 
ing in the balloon after forming the vacuum, 
muft likewife be attended to, and this is eafily 
determined by the barometer attached to the air- 
pump. If that barometer, for inftance, remaips 
at the hundredth part of the height it flood at 
before the vacuum was formed, we conchide tha,t; 
one hundredth part of the air originally contain- 
ifd remains in the balloon, and confequently thm 
^"^y tVo ^^ g^s was introduced from the jar in., 
to the balloon. 
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CHAP. lit. 

Defcription of the Calorimeter^ or Apparatus for 

meafuring. Caloric. 

THE calorimeter, or apparatus for meafuring 
the relativie quantities of heat contained in 
bodies, was defcribed by Mr de la Place and 
me in the Metnoiirs of the Academy for 1780, 
p. 355, aild from that Eflay the materials of this 
chapter are fextradled. 

If, after having cooled any body to the freei- 
ihg |)oiht,* it be^xp6fed in a.n atmofphere of 
88.25^, ^^^ body will gradually beconie heated, 
from the fuirface in\t^atds, till at laft it acquire 
the fatoe temperature with the furrobriding air. 
But, if a piece of ice be placed in the fame fitua- 
tion, the circuntrfances are qbite different ; it 

« 

does riot approach in the fmalleft degree towards 
the temperature of the circumambient air, but 
rlemains conftantly at 32^, or the temperature of* 
melting ice, till the laft portion of ice be com- 
pletely melted; 

This phenomenon is readily explained ; as, 
to melt ice, or reduce it to water, it i-equires to 
be combined with a certain portion of calorid, 

D 3 the 
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the whole calorfc attraded from the furrounding 
bodies, is arrefted or fixed at the furface or ex- 
ternal layer of ice .which it is employed to dif- 
folve, and combines with it to form water ; the 
next quantity of caloric combines with the fe- 
cond layer to difiblve it into water, and fo on 
fucceffively till the whole ice be diflblved^ or 
converted into water, by combination with calo- 
ric ; the very laft atom ftill remaining at its for- 
mer temperature;, becaufe the caloric could ne- 
ver penetrate fp far, while any intermediate ice 
remained, to melt, or to combine . with* 

j^Upon tbefe principlps, if we conceive a hol- 
low fphere. of ice at the temperature of 32® 
placed in an atmofphere of 54*5^, and contain- 
ing a fubftaoce at any. degree of tempcirature 
above freezing ; it fpllows. That the h^t of the 
jexternal atmofphere cannot penetrate into the 
internal boUpw of the fphexe of ice: and. That 
the heat of the body which is placed in the hoU 
low of the fphere cannot penetrate outwards be-^ 
yond it,, but will be ftopped at the interna^ fur- 
face, being continually employed to melt fuc- 
c^flive ; layers of ice, until the temperature of 
the body be reduced to 3a®, by having all its 
fuperabundant caloric above that, temperature 
carried off to melt the ice. If the whole wa- 
ter, formed within the fphere of ice during the 
reduftion of the temperature of the included 
body to 32^, be carefully colleiScd, t^je weight 

of 
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of the Miqat^r- will be exaftly proportional to the 
qvoLOtiify xst' culatki loft by the body, in paffing 
&ota ite original temperature to that of melthig 
ice ; fori it ii erident that a:4oubk qiiajat!ity bf 
cak)^civx>Qld have melted twice the quantity of 
ice. 7]^nce^:tbe qnaniity of ice melted :is a rtry 
exa& .mealfurei of the proportional 'Quantity of 
calorncD employed to produce that effcd, and 
confequeotly df the quantity loft by the only i!ub« 
fiance that dould poffiiblj^ have fupplied it. -: . 

I faa;re made this i!iippofition, of what would 
take pkde in a hollow fphere of ice, for the pus- 
pofe of more readily explaining the. method ufied 
in thisfpeciesiof eatperimint, which wasfirfl: 
tonceived by Mr de la' Place. !lt would be dt& 
ficult tO' ptpcure fiich fphereaof ice, and ifjcopi 
Yeaieot toimake tifa of them when 'got'}:hvtt,r\iy 
Sffians of' :die.ibIlowiQg: apparatus/ wii hare re* 
nedied . tha^ defeat, i acknowledge the name 
<^ Calorimeter, which I have given it, a» derived 
partly from Greek and partly from I^atin, , i^ in 
fome d^ree: opeii to iriticifm ; but, in matten 
of fcienc^, a (light ^iiatibn from &ti& ety iiiol0f 
gy, for tibe fake df gWing diftindnefr^ idea> i^ 
excufable ; and I could not derive the nattie ed-* 
tirely from Gteek without approaching too near 
to the names of knoWn inftruments esaployed fQc 
other purpo&Sr 

The calorimeter is reprefented in PL VI. It is 
ihown in perfpedive at Fig. z. and its interior 

D 4 flru&ure 
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ftiru<aure;is eograved at Fig*,a, and. 3. ;^Xbe for- 
.infer feeing a. horizontals and the latttfr a/perpen- 
;^culac &6kiQn. : Its; capacity ior: cavity^ is di- 
i^cidedifitoiXhrcfi parts^ whichyibr better diflincr 
:tiocv ±ihall; name the kiteriov, midddeyvand ex- 
ternal earities.; The interior cavity,^^^ Fig. 4. 
Snto .which' the fubftancesjfubiiiitted.taexperb- 
iQent^e put; is compoiied of a grk^ing or cage 
0f:iron*wire, fupported by iieveral ironrbars ;.its 
opening: or mouth LM, isi covered by^the lid 
HG, which iscompofed of the fiune: materials. 
The middle .cavity b b bb^ Fig.ia. andj. is ini 
tended to contain the ice. which; furrouiids the 
interior caviiyy and which is intendjsd ta be 
dydted by the caloric of the fiibfliainces employed 
in.tfae experiment. -The rice is fupported b*^ 
tfe^igt^tc'^m at the:bottom of the cavit}^, 
imdanr.: which is placed \ the fieve «»»v Thefc 
two are reprefented fcparately in Fig. 5. and 6. 
i. Invproportion as the ice . contained inr the 
middle cavity is melted, by the calorie* difenga* 
ged. from*tbe Sody placed.in the, rnteripr cavity; 
the* wat€ir:i?m)s ^through the grate and fieve, and 
falls throttgii the conicai &h|iel ^ r ^sf. Fig. 3. and 
th6 tube-ATj', into the receiver F, Fig. .1. This 
watfep naafy be retaii^ed or let out at pleafure, by 
^eanslof t^ ftop«cock tu .^The external cavity 
aa a a. Fig. 2. and 3. is filled with ice, to pre* 
vent any efiedtupon the ice iii the middle ca-- 

.•••.,; i i; vity 
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vity from the heat of the furrounding air, and 
the water produced from.it is carried off through 
the pipe ST, which Ihuts by meansof the ftop- 
cock r. The whole machine is covered by the 
lid FF, Fig. 7. which is made of tin, and paint- 
ed with oil colour, to prevent ruft. 

When.tbie machine is employedv the middle 
cavity blrhi(^.Fig. 1. and 3. the lid GH, Fig.'4rf 
of the tntertbr oavity, the ^external cavity aaa d^ 
Fig. 2. ind'j.and the gfeneral lid FF, Fig:;7.- 
are. all £lldd with pounded ice;; well rammed^ 
£3 that noivbid fpaces remain, and'the ice of the 
middle ca^ty is allowed to drain; .-The machine 
is then opened,.' and the fubftance jQibmitted to 
experiment beidg. placed in the interior cavity^ 
it is inftantly clofed. After waiting till the in-: 
chided body is completely cooled to the freez- 
ing point, andlthe whole, melted ice has drained 
from the' noddle cavity,. the water collected in 
ijic veflel^.F, • Fig. 1: . is acciirately weighed; 
The weight ioi/ the : water . ptoducied .during *the 
experiment is:afii;ex.a(3: iiieaiare of the! caloric^ 
difengaged during the cooling of the included 
body,, as this fubftance is evidently in a iimilar 
fituation with th6 one formerly mentioned ^s in- 
cluded in a hollow fphere of ice. The whole ca- 
loric difengaged from the included body is flop- 
ped by the ice in the middle cavity, and that 
ice is preferved from being affedted by any other 
heat by means of the ioe cofitained in the gene- 
ral 
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ral lidy Fig. 7* and in the external cavity. £xpe« 
riments of this kind generally laft from fifteen to 
twenty hours, bat they are foAetimes accele- 
rated by covering up the fubftance in the interior 
cavity with well-drained ice^ which haitens its 
cooling. 

The fubftances to be operated upon are placed 
ktt];ie thin iroQrJbttdcet, Fig. 8. the coVcr of which 
has an opening fitted with a cork^ 'into which a 
fmall thermometer ia fixed. When wd.ufe acidsv 
or other fluids capable of injuring thi (metal of 
t^e inftroments^ they are contained in the ma- 
trafs, Fig. 9. 'which has a fimilar thermometer 
in a cork fitted to its mouth, and which ftands 
in the interior canity upon the fmali cylindrical 
fuprport RS, F%1 10; 

:It is abfolutiely^requifite that there be no com- 
municatioa between the. external and middle 
caivities of theicaloffifmeter, otherwife the ice 
xxlelted by the influence of the furrounding air^ 
in the exterhdi.>€aurity, would mix with the wa* 
t^rproduced^froalthe ice of the middle cavity, 
Which would no longer be a.meafure of the ca- 
loric loft by the . fubftance fubmitted to experi- 
ment. 

When the temperature of the atmofphere is 
only a few degrees above the freezing point, its 
heat can hardly reach the middle cavity, being 
arretted by the ice of the cover, Fig. 7. and of 
the external cavity ; but if the temperature of 

the 
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thc^a^ be mdtr th? 4^gre€ of fir^Qzing, it migbt 
C09I the ice conjUMned in the middle cavity,^ by 
caoiii^ the icejn^jhe external canity tofi^U, in 
the firft Rld^^ l^|elf>w .39.^f ItJ$ therefore eflenr 
tial t^M; thi9 experipfi^nt b^ q^ifijied Oa i^ a. iQin^ 
per^ture fomewrbatjaboye fireei^ing: Hence^ in 
UD^-9^ ^ofejtftp c^riiflcter ra/uft i»c kfspt ip aor 
apai(tment €]E^;eifuUy )ie^te4- I( i^ likewif^ neCi$(r 
fai;/ t}iat t|ie ice en^p^yed be i^ot u;nde<r ^2% for 
which puxpofe . it am& be pounded^- and fpt^eaxl 
out tbio for fo^i^ tioie, iiji^a place, wbera tbet 
teinperature> higjier. . j . 

The ice of tl^e, iQ^rior cavity always retains a 
certain quantity of water adb^in^ to its fur^ace^ 
which mgy be fappofed to belqqg to the rejfalt of 
the experipaent ;• but ^s, attb^ b^inning of leacfe 
experimenti the ice i^ already fatwated with as 
inpeb water as it can qontain» if any of the wt;^ 
ter produced by the caloric; (honld remain ^ttacb-^ 
ed to t^e ioe^ it i$ e;Tident, tb^it Yi^ry nieady an 
equaji qtt^iHity.pi^iwMt adhered to it before the 
experiment mu^b^e run down into the vefleL 
F in its (lead:^: for the inner furface of the ice 
in the middk payity is very little changed du- 
ring the experim^t. 

By any contrivance that could be devifed, wc 
could not prevent the.accefs of the external aic; 
into the interior, cavity, when the atmofphere 
was at 52^ or 549, The air confined in the ca- 
vity being ia that cafe ipecificaliy heavier thaa 

the 
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the external air, efcapes dbwrtwards through iHi 
pipe xjf FigJ 3. and is iteplacdd by the warmer 
external air, which, givmg out its caloric to the 
ice, becomes hefeviei*, and fihks in its turn ; thus, 
a current of air is-' formed through the machine^ 
which is the more rapid in proportion as' the ex- 
ternal -air exceeds the intertiai itt temperatiire. 
This current of warm air muft melt a part of 
the ice, and injure the accuracy of the experi- 
ments * We may, in a great degree, guard againlt 
this fource of error, by keeping the ftop-cock u 
continually fhut, but it is better to operate only 
when the temperature of the eiternal air does 
not exceed 39^, ot at moft 4!°, for we have ob- -* 
ferved, that> in this cafe, the melting of the in- 
terior ice by the atmbfpheric airis perfedly in- - 
fenfible; fo that we may anfwer for the accura- 
cy bf oUr experiraetits upon the fpecific heat of 
bodies to a fortieth part-. • . 

We have had two of thefe ihachin'es made ; 
one, tvhich is ^ intended for fuch experiments 
as do not req^uife the iflteriol: air ^ to be re- 
newed, is formed precifely according to the de- 
fcription here given,; the other, which anfwers 
for experiments upon combuftioti, refjpiratioh, 
&c. in which frefti quantities of air are indif- 
penfably neceflary, differs from the forlmer in ha- 
ving two fmall tubes in the two lid&, by which 
a current of atmofpheric air may be blown into^ 
the interior .cavity of the machine^ 

it 
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' It is extremely eafj/with this apparatus, la 
determine the phenomena which occur in ope^ 
rations where caloric is either difengaged or ab- 
ibrbed. If we wifh, for inftance, to afcertain 
the quantity of caloric which isdifengaged from 
a folid body in cooling a certain number of de* 
grees ; let its temperature be firft raifed to 212^, 
it is then placed in the interior cavity////, 
Fig. 2. and 3. of the calorimeter, and allowed 
to remain till we are certain that its temperar 
ture is reduced to 32^ ; the water produced by 
melting the ice during its cooling is colleded, 
and carefully weighed ; and this weight, divided 
by the volume of the body fubmitted to experi^ 
ment, and multiplied into the degrees of tempe- 
rature which it had above 32^ at the commence* 
inent of the experiment, gives the proportion 
of what the Englilh philofophers call IpecifiQ 
}ieat. 

Fluids are contained in proper veflels, wbofe 
fpecific heat has been previoufly afcertained, and 
are operated upon in the machine in the famc^ 
manner as directed for folids, taking Gare to de* 
duft, from the quantity of water melted during 
the experiment, the proportion which belongs to 
the fpecific heat of the containing veffel. 

If the quantity of caloric dil'engaged during 
the combination of different fubftunces, h to be 
determined, thefe fubftances are .to be previouf- 
]y reduced to ttie freezing degree by keeping 

them 
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%%tm a fufficient time farrounded With pounded 
ice ; the mixture is theu to be made in the inner 
carity of the calorimeter, in a proper veflcl like- 
wife reduced to 32*^ ; and they are kept indbfed 
till the temperature of the combination hsis te- 
tuYned to the fame decree : The quantity of wa- 
ter produced is a meafure of the caloric difenga-^ 
ged during the conibiriation. 

To determine the quantity of caloric difen- 
gaged during combuftion, and during animal 
tefpiration, the combuftible bodies are burnt, 6r 
the animals are made to breathe, in the inte- ' 
tior cavity, and the water produced is carefully 
colleded. 'Guinea-pigs, which refift the eSe^ls 
of cold extremely well, are well adapted for this 
experiment. As the continual renewal of air 
is abfolutely neceflary in fuch experiments, we 
blow frefli air into the interior cavity of the ca- 
lorimeter by means of a pipe dcftined for that 
purpofe, and allow it to efcape through another 
pipe of the fan^e kind ; and that the heat of this 
air may not produce errors in the rcfults of the 
experiments, the tube which conveys it into the 
machine is made to pafs througb pounded ice, 
that it may be reduced to 32^ before it arrives at 
the calorimeter. The air which efcapes muft 
likewife be made to pafs through a tube fur- 
rounded with ice, included in the interioir cavi- 
ty of the machine, and the water which is there 
produced muft make a part of what is coUeded, 

becau& 
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becaufe the caloric difengaged from this air b 
part of the produd of the experiment. 

It is fomewhat more difficult to determine the 
ipecific caloric contained in the different gafes, 
on account of their fmall degree of denfity ; for, 
if they are only placed in the calorimeter in 
lEcffels like other fluids, the quantity of ice melt- 
ed is fo fmall, that the refult of the experiment 
becomes at heft very uncertain. For this fpecies 
of experiment we have contrived to make the 
air pafs through two metallic worms, or fpiral 
tubes ; one of thefe, through which the air paf- 
fes, and becomes heated in its way to the calo- 
rimeter, is contained in a veffel full of boiling 
water, and the other, through which the air cir- 
ctdates within the calorimeter to difengage its 
caloric, is placed in the interior cavity , /^/)^ of 
that machine. By means of a fmall thermome- 
ter {Placed at one end of the fecond worm, the 
temperature of the air, as it enters the calori- 
meter, is determined, and its temperature in 
getting out of the interior cavity is found by an- 
other thermometer placed at the other end of 
the worm. By this contrivance we are enabled 
to afcertain the quantity of ice melted by deter- 
minate quantities of air or gas, while lofing a 
certain number of degrees of temperature, and, 
confequently, to determine their feveral degrees 
of fpecific caloric. The fame apparatus, with 
fpme particular precautions^ may be employed 

to 
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to afcertain the quantity of caloric difengagcd 
by thts condenfation of the vapours of difiereiit 
liquids. 

The various experiments which may be made 
ivith the calorimeter do not afford abfolute con- 
dufionSy but only giv^ us the meafure of rela- 
tive quantities ; we have therefore to fix a unit, 
or ftandard point, from whence to form a fcale 
of the feveral refults. The quantity of caloric 
neceiTary to melt a pound of ice has been chofen 
as this unit ; and, as it requires a pound of water 
of the temperature of 167^ to melt a pound of 
ice, the quantity of caloric expreffed by our unjt 
or ftandard point, is what raifes a pound of w^- 
ter from 32^ to 167^. Whei;i this unit is once 
determined, we have only to es^prefs the quan- 
tities of caloric difengaged from different bodies, 
by cooling a certain number of degree^ in ana- 
logous values : The following is an eafy mode of 
calculation for this purpofe, applied to one of 
our earlieft experiments. 

We took 7 lib. 1 1 oz. 2 gros 36 gn. of plate- 
iron, cut into narrow flips, and rolled up, or 
exprefling the quantity in decimals, 7.707031c 
Ubs. Thefe being heated in a bath of boilin/ 
water to about 207.5^, were quickly introdu 
ced into the interior cavity of the calorimeter 
At the end of eleven hours, when the who 
quantity of water melted from the ice had th 
roughly drained off, we found that i.iogj 

pour 



OT CHEMISTRY. 65 

jpofxnds of ice were melted. Hence, the caloric 
'difengaged from the iron by cooling 175.5** ha- 
vtog melted 1. 109795 pounds of ice, How much 
woLild have been melted by cooling 135^ ? This 
queftion gives the following ftatement in direft 
proportion, 175.5 : 1. 109795 : : 135 ' v=o;85384". 
Dividing this quantity by the weight of the 
whole iron employed, viz. 7. 7070319, the quo- 
tient a. 1 1 09 is the quantity of ice which would 
have been iiielted by one pound of iron while 
TOolirig through 135 degrees of temperature. 

Fluid fubftances, fuch as fulphuric and nitric 
acids, &c. are Contained in ^ matrafs, PI. Vi. 
Fig-. 9. haying a thermometer adapted to the 
cbrlc, with its bulb immerfed in the liquid. The 
Hfiatrafs is placed in a bath bf boiling water, and 
^hen, from the thermometer, we judge the liquid 
*s raifed to a proper temperature, the matrafs is 
placed in the calorimeter. The calculation of the 
Produds, to determine the fpecific caloric of thefe 
ftuids, is made as above direded, taking care to 
^edu(3: from the water obtained the quantity 
>«^hich would have been produced by the matrafs 
^lone, which muft be afcertained by a previous 
experiment* The table of the refults obtained by 
thefe experiments is omitted, becaufe not yet fuf- 
ficiently complete, different circumilances having 
occaiioned the feries to be interrupted : it is not, 
however, loft fight of; and we are lefs or more 
fmployed upoa the fubjed: every winter. 
Vol. II. . E CHAP, 
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CHAP. IV. 

Qf Mechanical Operations /or the Divijian qf 

Bodies. 



S E C T. I. 

Qf Trituration, Levigatian, and Pulverization^ 

THESE are, properly fpeaking, only preli- 
minary mechanical operations for dividing 
and feparating the particles of bodies, and redu- 
cing them into very fine powder. Thefe ope- 
rations can never rediice fubftances into their 
primary, or elementary and ultimate particles ; 
they do not even deftroy the aggregation of bo- 
dies ; for every particle, after the mod; accurate 
trituration, forms a fraall whole, refembling the 
otiginal mafs from which it was divided. The 
real chemical operations, on the contrary, fucb 
as folution, deftroy the aggregation of bodies, 
and feparate their conftituent and integrant par- 
ticles trom each other. • ^ 

Brittle 
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Brittle fabftances are reduced to powder by 
^xieans of peftles and mortars. Thefe are of 
\>rafs or iron, PL I. Fig, i. ; of marble or gra- 
nite, Fig. 2. ; of lignum vitae, Fig. 3. ; of glafs, 
fig. 4. ; of agate, Fig. 5. ; or of porcelain, Fig. 6* 
The pefties for each of thefe are reprefented 
in the plate, immediately below the mortars 
to which they refpedlively belong, and are made 
of hammered iron or brafs, of wood, glafs^ 
. porcelain, marble, granite, or agate, according 
to the nature of the fubftances they are in- 
tended to triturate. In every laboratory, it 19 
requifite to have an aflbrtmcnt of thefe uten- 
fils, of .various fixes and kinds : Thofe of por- 
celain and glafs can only be ufed for rubbing 
fubftances to powder, by a dexterous ufe of 
the peftle round the fides of the mortar, as it 
"Would be eafily broken by reiterated blows of 
the peftle. 

The bottom of mortars ought to be made ir^ 
form of a hpUow fphere, and their fides fhould^ 
have fuch a degree of inclination as to make 
the fabftances they contain fall back to the hoU 
torn when the peftle is lifted, but not fo perpen- 
dicular as to colled them too much together, 
otberwife too large a quantity would get below 
the peftle, and prevent its operation. For this 
reafon, like wife, tod large a quantity of the fub- 
ftance to be powdered ought not to be put into 
the mortar at one time ^ and we muft from 

E 2 tioie 
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time to time get rid of the particles already re- 
duced to powder, by means of fieves to be af- 
terwards defcribed. 

The raoft ufual method of levigatioti is by 
means of a flat table ABCD, PI. L Fig. 7, made 
of porphyry, or fome other ftone of fimilar hard- 
nefs ; on this the fubftance to be reduced to 
powder is fpread, and is then bruifed and rub- 
bed by a muller M, of the fame hard materials, 
the bottom of which is made a fmall portion of 
a large fphere ; and, as the muller tends copti- 
nually to drive the fubftances towards the fides 
of the table, a thin flexible knife, or fpatula of 
iron, horn, wood, or ivory, is ufed for bringing 
them back to the middle of the fl:one. 
^ In large works, this operation is performed 
by means of large rollers of hard ftone, which 
turn upon each other, either horizontally, in the 
way of corn-mills, or by one vertical roller 
turning upon a flat-ftone. In the above opera- 
tions, it is often requifite to moiften the fub- 
ftances a little, to prevent the fine powder from 
flying off. 

There are many bodies which cannot be re- 
duced to powder by any of the foregoing me- 
thods ; fuch are fibrous fubftances, as woods, 
fuch fubftances as are tough and elaftic, as the 
horns of animals, elaftic gum, &c. and the mal- 
leable metals, which flatten under the peftle, 
inftead of being reduced to powder. For redu- 

cii>g 
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cing the woods to powder, rafps, as in PL I. 
Fig. 8. arc employed ; files of a finer kind are 
ufed for horn ; and ftill finer, PI. I. Fig. 9. and 
zo. for metals. 

Some of the metals, though not brittle enough 
to powder under the peftle, are too foft to be 
filed, as they clog the file, and prevent its opera- 
tion. Zinc is one of tbefe, but it may be pow- 
dered when hot. in a heated iron mortar, or it 
may be rendered brittle, by alloying it with a 
fmall quantity of mercury. One or other of 
thefe methods is ufed by fire-work makers for 
producing a blue flame by means of zinc. Me- 
tals^ may be reduced into grains, by pouring 
jthem when melted into water, which method 
ferves very well when they are not wanted in 
fine powder. 

Fruits, potatoes, &c. of a pulpy and fibrous 
natiTre, may be reduced to pulp by means of the 
grater, PL I. Fig. 11^ 

The choice of the iiflferent fubftances of which 
thefe inftruments are made is a matter of import- 
ance ; brafs or copper are unfit for operations 
upon fubftances to be ufed as food or in pharma- 
jcy ; and marble or metallic inftruments muft 
jiot be ufed for acid fubftances ; hence mortars 
jof Very hard wood, and thofe of porcelain, grar 
pite, or glafs, are of great utility in many ope- 

E3 ' SECT. 
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SECT. IL 

Of Sifting and Wajbing Pvwdered Subjlances. 

None of the mechanical operations, employe^ 
for reducing boclies to powder, is capable of pro- 
ducing it of an equal degree of finenefs through- 
out; the powder obtained by the longeft and 
moll accurate trituration being ftill an aflem- 
blage of particles of various fizes. The coarfer 
of thefe are removed, fo as only to leave the 
finer and more homogeneous particles, by means 
of fieves, PI. I. Fig, 12, 13, I4, 15- of different 
fineneifes, adapted to the particular purpofes 
they are intended for ; all the powdered matter 
which is larger than the int^rftices of the fieve 
^remains behind, and is again fubmitted to the 
peftle, while thie finer pafles through. The fieve 
Fig. 12. is made of hair-cloth ot of filk-gauze ; 
and the one reprefented Fig. 13. is of parch- 
ment pierced with round holes of a proper fize ; 
this latter is employed in the manufaftute of 
gun-powder. When very fubtile or valuable 
materials are to be fifted, which are 6afily 
4ifperfed, or when the finer parts of the powder 
may be hurtful, a compound fieve. Fig. 15. is 
made ufe of, which confifts of the fieve ABCD, 

with 
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with a lid EF, and receiver GH ; thefe three 
parts are reprefented as joined together for ufe. 

Fig. 14- 
There is a method of procuring powders of 

an uniform finenefs, coniiderably more accu* 
rate than the iieve ; but it can only be ufed 
with fuch fubftances as are not a6led upon by 
water. The powdered fubflance is mixed and 
agitated with water, or any other convenient 
fluid ; the liquor is allowed to fettle for a few 
moments, and is then decanted oflf ; the coarfer 
powder remains at the bottom of the veffel, and 
the finer paflTes over with the liquid, fiy re- 
peated decantations in this manner, various fe^* 
diqaents are obtained of different degrees of 
finenefs ; the lad fediment, or that which re- 
XDains longed fufpended in the liquor, being the 
fined. This ptocefs may likewife be ufed with 
advantage for feparating fubdances of different 
degrees of fpecific gravity, though of the fame 
£nenefs ; this lad is chiefly employed in mining, 
or feparating the heavier metallic ores from the 
ighter earthy matters with which they are mix- 
«d. 

In chemical laboratories, pans aQd ju^ of glafs 
^ar earthen ware, are employed for this operation ; 
:ibmetimes for decanting the liquor without dif- 
Xurbing the fediment, the glafs fyphon ABCHI, 
"PL II. Fig. II. is ufed, which may be fupporte^ 
T)y means of the perforated board DE, at the 

E 4 proper 
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proper depth in the veflel FG, to draw oflf all 
the liquor required into the receiver LM. The 
principles and application of this ufcful in- 
ftrument are fo well known, as to need no ^x- 
planation." 



SECT. III. 

- f , « ^ • ' 

- . • * 

Of filtration. 

A filfre is a fpecics of very fine fieve, which is 
permeable to the particles of fluids, but through 
which the particles of the fineft powdered folids 
are incapable of palfing ; hence its ufe in fepara- 
ting fine powders from fufpenfion in fluids. In 
pharmacy, very clofe and fine woollen cloths are 
chiefly ufed for this operation j thefe are com- 
inonly formed in a conical ihape, PI. II. Fig. 2. 
•which has the advantage of uniting all the liquor 
which drains through into a point A, where it 
may be readily coUjpAed in a narrow- mouthed 
yeffcl. In large pharmaceutical laboratories, this 
filtering bag is ftretched upon a wooden-ftand 
PI, II. Fig. 1. ' ' 

For the purpofes of chemiftry, as it is requi- 
fite to have the filtres perfeftly clean, unfizecj 
paper is fubftitutcd inftead of cloth or flannel ; 

through 
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through this fubftance, no folid body> howevef 
finely it be powdered, can penetrate, and fluids 
percolate through it with the greateft readinefs. 
As paper breaks eafily when wet, various me- 
t)iods of fupporting it are ufed according to cir- 
9umftances. When a large quantity of fluid i§ 
to be filtrate^, the paper is fupported by the 
frame of wood, PL 11. Fig. 3. ABCD, having a 
piece of coarfe cloth ftretched over it, by means 
of iron-hooks. This cloth muft be well cleaned 
each time it is ufed^ or even new cloth muft be 
employed, if there is reafon to fufpeft its being 
impregnated with any thing which can injure the 
fubfequent operations. In ordinary operations, 
where moderate quantities of fluid are to be filr 
trated, diflfefent kinds of glafs-funnels are uCe^ 

* ■ 

for fupporting the paper, as reprefented PI. II. 
Fig. 5, 6, and 7. When feveral filtrations muft 
be carried on at once, the board or Ihelf AB^ 
Fig. 9. fupported upon ftands C and D, and 
pierced with round holes, is very convenient fo^r 
containing the funnels. 

Some liquors are fo thick and clammy, as 
not to be able to penetrate through paper with- 
out fome previous preparation, fuch as clarifica- 
tion by means of white of eggs, which, being 
mixed with the liquor, coagulates when brought 
to boil, and entangling the greater part of the 
impurities of the liquor, rifes with them to the 
furftce in the ftate of fcum^ Spirituous and vir 

t \ • ■ • , 
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nous liquors may be clarified in the faitte man- 
ner by means of ifinglafs diffolvcd in water, 
which coagulates by the adion of the alcohol 
without the alliflance of heat. 

As moft of the acids are produced by diftilla- 
tion, and are confequently clear, we have rarely 
any occafion to filtrate them ; but if, at any time, 
concentrated afcids require this operation, it is im- 
poffible to employ paper, which would be corro- 
ded and deftroyed by the acid. For this purpofe, 
pounded glafs, or rather quartz or rock-cryftal, 
broke in pieces, and grofsly powdered, anfwers 
very well ; a few of the larger pieces are put in 
the neck of the funnel, thefe are covered with 
the fmaller pieces, the finer powder is placed over 
all, and the acid is poured on at top. For the 
ordinary purpofes of fociety, iriver- water is fre- 
quently filtrated by means of clean- w allied fand, 
to feparate its impurities, or by means of certain 
porous ftbnes, called filtering ftones, cut into a 
convenient form. 



SECT. IV. 



Of Decantatian. 

This operation is often fubftituted, inftead of 
filtration, for feparating folid particles which are 

diffufed 
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diffufed through liquors. Thefe are allowed to 

fettle in conical veffels, ABODE, PI. II. Fig. lo* 

the diffufed matters gradually fubfidCy and the 

clear fluid is gently poured off. If the fedimont 

be extremely light, and apt to mix again with the 

fluid by the flighteft motion, the fyphon, Fig. IK 

is ufedy inlliad of decantation, for drawing off 

jtlie clear fluid. 

In experiments, where the weight of the pre- 
(Cipxtite muft be rigorodfly afcertaihed, decanta- 
tion is preferable to filtration, providing the pre- 
oipitate be leveral times wafticd in a cbiifider«* 
a1)le proportion of water. The weight of the 
Iprtecijpitate may indeed be afcertained, by care- 
fully weighing the filtre before and after thi 
cliperation; but, when the qu^rttity of precipi* 
X^ztt is fmall, the different proportions of moi- 
Xilure retained by the paper, in a ^eater or leSki 
degree of exficcation, may prove a itiatetial 
Xburcfe of error, Which ought carefuDy to bfe 
guarded ^gainft. 
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CHAP. V, 



Of Chemical Means for feparating the Particles of 
Bodies from each other ^ without Decompofition^ 
and for uniting them again. 

I Have already flxewp that there are two me- 
thods of dividing the particles of bodies, thq 
mechanical and chemical. The former only ie- 
parates a folid mafs fnto a great number of 
fmaller mafles j and for tbefe purpofes various 
fpecies of forpes are employed, according to cir- 
pumftances, fuch as the ftrength of man or of 
animals, the weight of water applied through 
the means of hydraulic engines, the expanfive 
power of fteam, the force of the wind, &c. By 
all or any of thefe mechanical powers, however^ 
we can neVer reduce fubftances into powder be- 
yond a certain degree of finenefs ; and the fmall- 
eft particle produced in this way, though it feems 
very nimute to our organs, i$ ftill in fad a moun- 
tain, when compared with the ultimate elemen- 

* - 

tary particles of the pulverized fubftance. 

The chemical agents, on the contrary, dividq .= 
bodies into their primitive particles. If, for in- 
ilance, a neutral fait be adled upon by thefe, i^ 
\% 4ivided, as far . as is poliibley without ceafin 
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€^0 be a neutral fait. In this Chapter, I mean to 
give examples of this kind of divifion of bodies^ 
t:o which I (hall add fome account of the rcla:- 
tive operatiorts. 



S E C T. I. 

%■ 

9/ the Solution of Salts. 

In chemical language, the terms o^folution 
and dijfolution have long been confounded, and 
have very improperly been indifcriminately em- 
ployed for expreffing both the divifion of the 
particles of a fait in a fluid, fuch as water, and 
the divifion of a metaKin an acid. A few re- 
fledlions upon the effedls of thefe two opera- 
tions will fuffice to Ihow that they ought not 
to be confounded together. In the folution of 
falts, the faline particles are only feparated from 
each other, while neither the fait nor the water 
are at all decompofed ; for we are able to recover 
both the one and the other in the fame quantity 
as before the operation. The fame thing takes 
place in the folution of refins in alcohol. Du- 
ring metallic diflblutions, on the contrary, a 
decompofition, either of the acid, or of the wa- 
ter which dilutes it, always takes place ; the 
metal combines with oxygen, ar/d is changed 

into 
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into an oxyd, and a gafeous fubftance is difen* 
gaged ; fo that in reality npne of the fubftan- 
ces employed remain, after the operation, in the 
fome ftate they were in before. Tbis article ijj 
entirely confined to the confideration* of folu- 
tion. 

To underftand properly what takes place du- 
ring the folution of falts, it is necefTary to know, 
that, in -mod of thefe operations, two diflinft 
eflfedls are complicated together, via^ folution by 
water, and folution by caloric ; and, as the ex- 
planation of moft of the phenomena of folution 
depends upon the diftindion of thefe two cir- 
cumftances, I (hall enlarge a little upon their na- 
ture. 

Nitrat of potafh, ufually called nitre or fait- 
petre, contains very little water of cryftalliza- 
tion, perhaps. even none at all; yet this fait li- 
quefies in a degree of heat very little fuperior to 
that of bpiling water. This liquefaftion cannot 
therefore be produced by means of the water of 
cryftallization, but in confequence of the fait be- 
ing very fufible in its nature, and from its palling 
from the folid to the liquid ftate of aggregation, 
when but a little raifed above the temperature of 
boiling water. All falts are in this manner fuf- 
ceptible of being liquefied by caloric, but in 
higher or lower degrees of temperature. Some 
of thefe, as the acetites of potalh and foda, li- 
quefy with a very moderate heat, while others, 

a& 
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39 fulpfaat of potaih, or of lime, &c. require the 
lilrongeft fires we are capable of producing. This 
liquefadion of falts by caloric produces exaftly 
^he fame phenomena with the melting of ice ; it 
is accompliihed in each fait by a determinate de- 
cree of heat, which remains invariably the fame 
during the whole time of the liquefadion. Ga« 
loric is employed, and becomes fixed during the 
melting of the fait, and is, on the contrary, dif- 
engaged when the fait coagulates. Thefe are 
general phen6mena, which univerfally occur du- 
ring the pafiage of every fpecies of fubftancc 
from the foTid to the fluid flate of aggregation, 
and from fluid to fglid. 

Thefe phenomena, arifing from folution by 
caloric, are always lefs or more conjoined with 
thofe which take place during folutions in water. 
We cannot pour water upon a fait, on purpofc* 
to diflblve it, without employing a compound 
folvent, both water and caloric ; hence we may 
diftinguifh feveral different cafes of folution, ac- 
cording to the nature and mode of exiftence of 
each fait. If, for inftance, a fait be difficultly 
folable in water, and readily fo by caloric, it 
evidently follows, that this fait will be fcantily 
foluble in cold water, and confiderably in hot 
water ; fuch is nitrat of potafb, and more efpe- 
cially oxygenated muriat of potalh. If another 
fait be little foluble both in water *[id caloric, 
the difference of its folubility in cold and warm 

water 
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water will be very incotifideraible ; fulphat of 
lime is of this kind. From thefe confiderations; 
it ^oUowsj that there is a neceflary relation be- 
tween the following circumftances ; the folubili- 
ty of a fait in cold water, its folubility in boil- 
ing water, and the degree of temperature at 
which the fame fait liquefies by caloric, unaffiiled 
by water ; and that the difference of folubility 
in hot and cold water is fo much greater in pro- 
portion to its ready folution in caloric^ or in pro^ 
portion to it^ fufceptibility of liquefying in a low 
degree of temperature. 

rhe above is a general view of folution ; but^ 
for want of particular fads, and fufficiently ex^ 
adl experiments, it is ilill nothing more than an 
approximation towards a particular theory. The 
means of completing this part of chemical fcience 
is extremely fimplej we have only to afcer- 
tain how much of each fait is diflblv^d by a cer^ 
tain quantity of water at different degrees of 
temperature ; and as, by the experiments pu- 
blilhed by Mr de la Place and me, the quantity 
of caloric contained in a pound of water at each 
degree of the thermometer is accurately knowb^ 
it will be very eafy to determine, by fimple ex^ 
periments, the proportion of water and calorie 
required for folution by each fait, what quanti- 
ty of caloric is abforbed by each at the moment, 
of liquifaftion, and how much is difengaged at 
the moment of cryflallization. Hence the reafo* 

why 
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^hy falts are more rapidly foluble in hot than 
in cold water is perfedlly .evident. In all folu- 
tions of falts, caloric is employed ; when that is 
furn^Qied intermediately from the furrounding 
bodieSy it can only arrive (lowly to the fait ; 
whereas this is greatly accelerated when the re- 
quifite caloric exifts ready combined with the 
water of folution. 

In general, the fpecific gravity of water is aug- 
mented by holding falts in folution ; but there 
are fome exceptions to the rule. Some time 
hence, the quantities of radical, of oxygen, and 
of bafe, which conftitute each neutral fait, the 
quantity of water and caloric neceflary for folu- 
tion, the increafed fpecific gravity communicated 
to water, and the figure of the elementary parti- 
cles of the cryftals, will all be accurately known. 
From thefe ail the circum fiances and phenomena 
of cryftallization will be explained^ ancj by thefe 
lUeans this part of chemiftry will be completed. 
^r Seguin has formed the plan of a thorough 
ixiTeftigation of this kind, which he is extremely 
Capable of executing. 

The folution of falts ill water requires no. par- 
ticular apparatus ; fmall glafs-phials of different 
li*2es, PI. II. Fig. 1 6. and 17. pans of earthen- 
^vare. A, Fig. i. and 2. long- necked matrafles, 
^ig. 14. and pans or bafons of copper or of fil- 
Ver, Fig. 13. and 15. anfwer very well for thefe 
operations. 

Vol. II. F SECT. 
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SECT. IL 



Of Lixiviation. 



This is an operation ufed in chemiftrj and 
manufaftures for feparating fubftances which are* 
foluble in water from fuch as arc infoluble. The 
krge vat or tub, PL II. Fig. I2. having a hole 
D near its bottom, containing a wooden- fpigot 
and foflety or metallic ftop-cock DE, is generally 
ufed for this purpofe. A thin ftratum of ftraw 
is placed at tbe bottom of the tub ; over this, 
the fubftance to be lixiviated is kid and covered 
by a cloth, then hot or cold water, according to 
the degree of folubility of the faline matter, is 
poured on. When the water is fuppofed to have 
diflblved all the faline parts, it is let off by the 
fiop-cock ; and^ as fome of the water charged 
with fait neceifarily adheres to the ftraw and in* 
folnble matters, feveral frefti quantities of water 
are poured on. The ftraw ferves to fecure a 
proper paffage for the water^ and may be com^ 
pared to the ftraws or glafs rods ufed in filtra- 
ting, to keep the paper from touching the fidesi 
of the funnel. The cloth which is laid over the 
matters under lixiviatlon prevents the water fromi 

making 
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making a hollow in thefe fubftances where it is 
poured on, through which it might efcape ^th« 
out ading upon the whole mafs. 

This operation is lefs or more imitated in che-* 
mical experiments j but as. in thefe, ^fpecially 
with analytical views, greater exadnefs is re^ 
quired, particular precautions muft be employed, 
fo as not leave any faline or foluble part in the 
rcfiduum. More water muft be employed than 
in ordinary lixiviations, and the fubftances ought 
to be previoufly ftirred up in the water before 
the clear liquor is drawn off, otberwife the whole 
Ibafi might not be equally lixiviated, and fome 
parts might even efcape altogether from the ac- 
tion of the water. We muft likewife employ 
frefti partiotis of water in confiderable quantity^ 
tratil it comes off entirely free from fait, which 
wc may afcertain by means of the hydrometej 
formerly defcribed* 

In experiments with fmall quantities, this ope- 

^ion is conveniently performed in jugs or ma- 

traffe^ of glafs, and by filtrating the liquor 

through paper in a glaffs-funnel. When the fub- 

ftance is in larger quantity, it may be lixiviated 

iQ a kettle of boiling water, and filtrated through 

paper fupported by cloth in a wooden frame^ 

1^1. IL Fig. 3. and 4. j and operations in the 

^rge way, the tub already mentioned muft be 

Uicd. 
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SECT, m; 



Of Evaporation. 



This operation is ufed for feparating two fub- 
llances from each other, of which one at leaft 
muft be fluid, and whofe degrees of volatility are 
confiderably different. By this means we obtain 
^ fait, which has been diflblved in water, in its 
concrete form ; the water, by heating, becomes 
combined with caloric, which renders it volatile, 
while the particles of the fait being brought near- 
er to each other, and within the fphere of their 
mutual attrai^ion, unite into the folid date. 

As it was long thought that the air had great 
influence upon the quantity of fluid evaporated, 
it will be proper to point out the errors which 
this opinion has produced. There certainly is 
a confl:ant flow evaporation from fluids expofed 
to the free air \ and, though this fpecies of eva- 
poration may be confldered in fome degree as a 
folution in air. yet caloric has a confiderable in- 
fluence in producing it, as ib evident from the 
refrigeration which always accompanies this pro- 
cefs ; hence we may confider this gradual eva- 
poration as a compound folution made partly in 



air. 
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air, and partly in caloric. But the evaporation 
which takes place from a fluid kept continually 
boiling, is quite different in its nature, and in it 
the evaporation produced by the adion of the 
air is exceedingly inconfiderable * in comparifon 
with that which is occafioned by caloric. This 
latter fpecies may be termed vaporization father 
than evaporation. This procefs is not accelera- 
ted in proportion to the extent of evaporating 
furface, hut in proportion to the quantities of 
caloric which combine with the fluid. Too fre^ 
a current of cold air is often hurtful to this pro- 
cefs, as it tends to carry off caloric from the wa« 
ter, aJid confequently retards its converfion into 
vapour. Hence there is no inconvenience pro- 
duced by covering, in a certain degree, the vef- 
fels in which liquids are evaporated by continual 
boiling, provided the covering body be of fuch 
a nature as does not fl:rongly draw ofi'the calo- 
ric, or, to ufe an exprefiion of Dr Franklins, 
provided it be a bad condudtor of heat. In this 
cafe, the vapours efcapc through fuch opening 
as is left, and at lead as much is evaporated, 
frequently more than when free accefs is allow- 
ed to the external air. 

As during evaporation the fluid carried off by 
caloric is entirely loft, being facrificed for the 
fakef of the fixed fubftances with which it was 
combined, this procefs is only employed where 
^^e fluid is of fmall value, as water, for initance; 

Fa But, 
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But, when the fluid is of more confequenee, we 
have recourfc to diftillation, in which procefs we 
preferve both the fixed fabftance and the volatile 
fluid. The veflels employed for evaporation are 
bafons or pans of copper, filver or lead, PL II. 
JFig. 13. and 15. or capfules of glafs, porcelain, 
or ft<Jne-ware, PI. 11. A, Fig. i. and ^. PL III. 
Fig. 3* apd 4. The beft utenfils for this pur- 
pofe are made of the bottoms of glafs-retorts ami 
matrafles, as their equal thinnefs renders theni 
more fit than any other kind of glafs-veflel for 
bearing a briik fire, and fudden alterations of 
heat and cold, without breaking. 

As the method of cutting thefe glafs- veffels is 
no where defcribed in books, I ihall here give a 
defcription of it, that they may be made by cbe- 
mifts for tbemfelves out of fpoiled retorts, ma- 
trafles, and recipients, at a much cheaper rate 
than any which can be procured from glafs^ma- 
nufafturers. The inftrument, PL III. Fig. 5, con- 
iifting of an iron-ring A C, fixed to the rod A B, 
having a wooden handle D, is employed as foU 
lows : M^ke the ring red hot in the fire, and put 
it upon the matrafs G, Fig. 6. which is to be 
cut ; when the glafs is fufficiently heated, throw 
on a little cold water, and it will generallj^ break 
exadly at the circular line heated by the ring. 

^mall Saiks or phials of thin glafs are excef d* 
ing good veffels for evaporating fmall quantifies 
of fluid ; they are very cheap, imd fland the fire 

remarkably. 
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remarkably. One or more of thefe may be pla- 
ced upon a fecond grate above the furnace, 
PI. III. Fig. 2. where they will only experience 
a gentle heat. By this means a great number of 
experiments may be carried on at one time. A 
glafs-retort, placed on a fand-bath^ and covered 
with a dome of baked earth, PL III. Fig. i • an- 
fwers pretty well for evaporations; but in this 
way it is always confiderably flower, and is even 
liable to accidents ; as the fand heats unequally, 
and the glafs cannot dilate in the fame unequal 
manner, the retort is very liabl6 to break. Some«i. 
times the fand ferves exadly the office of the 
iron«ring formerly mentioned ; for, if a fingle 
drop of vapour, condenfed into liquid, happens 
to fall upon the heated part of the veflel, it 
breaks circularly at that place. When a very 
iatenfe fire is neceflary, earthen crucibles may 
be ufed j but we generally ufe the word evapa^ 
ration to exprefs what is produced by the tem- 
perature of boiling water, or not much higher. 
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I 

Of Cryjlallization^ 

In this procefs the integrant parts of a folid 
body, feparated from each other by the inter- 
vention of a fluid, are made to exert the mutual 
attraction of aggregation, fo as to coalefce and 
f^produce a folid mafs. When the particles of 
a body are only feparated' by caloric, and the 
fubftancc is thereby retained in the liquid ilate, 
all that is neceflary for making it cryftallize, is 
to remove a part of the caloric which is lodged 
betA^een its particles, or, in other words, to Cool 
it. • If this refrigeiration be flow, and the body 

* « 

be at the feme time left at reft, its particles af- 
fume a regular arrangement, and cryftalliiiation, 
properly fo called, takes place; but, if the re-y 
frigeration is made rapidly, or if the liquor be 
agitated at the moment of its paflage to the con- 
crete ftate, the cryftallization is irregular and 
confufed. 

The fame phenomena occur with watery folu- 
tions, or rather in thofe made partly in water, 
and partly by caloric. So long as there remains 
a fufliciency of water and "caloric to keep the 
particles of the body afuuder beyond the fphere 

of 
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oF their mutual attraftioti, the fait remains in' 
the fluid ftatc ; but whenever either caloric or 
water is not prefent in fufiBcicnt quantity, anit 
the attraction of the; particles for each other be- 
comes fuperior to the power which keeps them» 
afunder, the fait recovers its concrete form, $nd 
the cryftals produced are the more regular iti 
proportion as the evaporation has been flower 

- and more tranquilly performed. 

All the phenomena we formerly mentioned ' 
as taking place during the folution of falts, oc*** 
cur in a contrary fenfe during their cryftalliza-4 
tion. Caloric is, difengaged at the inilant x>f 
their afluming the folid ftate, which furnifhe^ 
an additional proof of fait being held in folu^ 
tion by the compound adion ot. water and c2tY 
loric. Hence to caufe falts to cryftallize. which 
readily liquefy by means of caloric, it is not fuf» 
ficient to carry off the water which held them 
in folution, but the caloric united :to them muft 
likewife be removed. Nitrat of potafti, oKyge- 
inated muriat of potaih, alum, fulphat of fada( 
&G. are examples of this crptumflance, as, to 
make thefe falts cryftallize;' refrigeration mud be 
added to' evaporation. Such falts, on the con- 
trary, as requiw little caloric for being kept in 
£oIuti(Mn, and' which, from that circumftance^ 
are aknoft equally foluble in cold and. warm 
water^ are cryftallizable by. limply carrying oflf 

. the water which holds thtm. in folution^ ' and 

even 
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in the heat of the atmofphere, with free accefs of 
air, veffels of ix)me depth, Plate III. Fig. 3. muft 
be employed, that there may be a confiderable 
body of liquid /; by this means the cryftals pro^ 
duced are of confiderable iize, and remarkably 
fegular in their figure. 

Every fpecies of fait cryftallizes in a peculiar 
form, and even each fait varies in the form of 
its cryftals, according to circumftances, which 
take place during cryftallization. We muft not 
from thence conclude, that the faline particles of 
each fpecies are indeterminate in their figures : 
The primitive particles of all bodies, efpecially 
of falts, are perfedly conftant in their fpecific 
forms ; but the cryftals which form in our ex- 
periments are compofed of^ congeries of minute 
particles, which, though perfedly equal in fize 
and ftiape, may afTume very difiimilar arrange^ 
ments, and confequently produce a vail variety 
of regular forms, which have not the fmalleft 
apparent refemblance to each other, nor to the 
original cryftal. This fubjed has been very ably 
treated by the Abb6 Haiiy, in feveral memoirs 
prefented to the Academy, and in his work up- 
on the ftrudure of cryftals : It is only neceflary 
to extend generally to the claft of falts the prin^ 
^iples he has particularly applied to fome cry- 
stallized ftones. 
. ' . 

SECT, 
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SECT. V. 

Of Simple Dijlillation. 

As diftillation has two difttndt objefts to ac« 
compliih, it is diviiible into fimple and com- 
pound ; aod, in this fedtion, I mean to confine 
mylelf entirely to the former. When two bo- 
dies, of which one is more volatile than the 
other, or has more affinity to caloric, are fub- 
mitted to didillation, our intention is to fepa- 
rate them from each other : The more volatile 
fubflance aflumes the form of gas, and is after* 
wards condenfed by refrigeration in proper vet 
fels. In this cafe diilillation, like evaporatioc^ 
becomes a fpecies of mechanical operation, which 
feparates two fubilances from each other without 
decompofing or altering the nature of either. la 
evaporation, our only objeft is to preferv^ the 
fixed body, without paying any regard to the 
volatile matter ; whereas, in diftillation, our prin^^ 
cipal attention is generally paid to the volatile 
fubftaqce, unlefs when we intend to preferve 
both the one and the other. Hence, fimple di- 
ilillation is nothing more than evaporation pro- 
duced in clofe veflels. 

The moft fimple diftilling veflTel is a fpecies 

of 
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of bottle or matrafs, A, PI. IIL Fig. 8. which has^ 
been bent from its original form BC to BD, and 
is then called a retort ; when ufed, it is pla- 
ced either in a reverberatory furnace, PL XIIL 
Fig. 2. or in a fand-bath under a dome of baked 
earth, PL III. Fig. i. To receive and condenfe 
the produfts we adapt a recipient, E, PL III. 
Fig. 9. which is luted to the retort. 

Sometimes, more^efpecially in pharmaceutical 
operations, the glafs or ftone ware cucurbit. A, 
with its capital B, PL III. Fig. 12. or the gla& 
alembic and capital. Fig. 13. of one piece, is 
employed. This latter is managed by means of 
a tubulated opening T, fitted with a ground 
ftopper of cryftal ; the capital, both of the cu- 
curbit and alembic, has a ftirrow or trench, r r, 
intended for conveying the condenfed liquor 
into the beak rS, by which it runs out. As, 
in almoft all diftillations, expanfive vapours are 
produced, which might burft the veffels employ- 
ed, we are under the neceffity of having a fraall 
hole, T, Fig. 9. in the balloon or recipient, 
through which thefe may find vent ; hence, in 
this way of diftilling, all the produfts which are 
permanently aeriform are entirely loft, and even 
fuch as difficultly lofe that ftate have not fufficient 
ipace to condenfe in the balloon : This appara^ 
tus is not, therefore, proper for experiments of 
inveftigation, and can only be admitted in the 
ordinary operations of the laboratory or in 

pharmacy. 



OF CHEMISTRY. 95 

pharmacy. In the article appropriated for com«< 
pound difttllation, I (hall explain the various 
methods which have been contrived for prefer- 
ving the wholejjproduds from bodies in this pro* 



As glafs or earthen veffels are very brittle^ 

and do not readily bear fudden alterations of 

lieat and cold, every well-regulated laboratory 

ought to have one or more alembics of metal 

for diftilling water, fpiritous liquors, eifential • 

chIs, &c. This apparatus confifts of ^a cucurbit 

and capital of tinned copper or brafs, PL IIL 

rig. 15. and 16* which, when judged proper^ 

may be placed in the water-bath, D, Fig. 17* 

In diAillattoOp efpecially of fpiritous liquors,' the 

capital muft be furnifhed with a refrigeratory^ 

SS» Fig. i6. kept continually filled with cold 

water ; when the water becomes heated, it is 

let oflf by the flop-cock, R, and rene#ed with a 

freih fupply of cold water. As the fluid diftil- 

ltd is converted into gas by means of caloric 

furnifhed by the fire of the furnace, it is evi^ 

dent that it could not condenfe, and, confe- 

quently, that no diftillation, properly fpeaking, 

could take place, unlefs it is made to depofite in 

the capital all the caloric it received in the co*- 

curbit ; with this view, the fides of the capital 

muft always be prcferved at a lower tempenu 

ture than is neccffary for keeping the diftilling 

fubftance in the flate of gas, and the water in 

the 
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the refrigeratory is intended for this purpbfiii 
Water is converted into gas by the temperature 
of 2I2S alcohol by 182.75°, and ether by 104** } 
hence thefe fubftances cannot be diftilled, or ra-^ 
ther they will fly off in the ftate of gas, unle& 
the temperature of the refrigeratory be kept un- 
der thefe refpeftive degrees. 

In the diilillation of fpiritous, and Other ex- 
panfive liquors, the above-defcribed refrigerato- 
ry is not fufficient for condenfing all the vapours 
which arife ; in this cafe, therefore, ioftead of 
receiving the diftilled liquor immediately from 
the beak TU, of the capital into a recipient, 
a worm is interpofed between them. This in* 
flrument is reprefented PL III. Fig. 18. contain* 
ed in a worm-tub of tinned copper ; it confifls 
of a metallic tube bent into a conliderable num* 
her of fpiral revolutions. The vefFel which con^ 
tains the %rorm is kept full of cold water, which 
is renewed as it grows warm. This contrivance 
is employed in all diililieries of fpirits, without 
the intervention of a capital and refrigeratory, 
properly ib called. The one reprefented in the 
plate is fumithed with two worms, one of them 
being particularly appropriated to diftillations of 
odoriferous fubflances. 

In fome limple diilillations it is necefiary to 
inter pofe an adopter between the retort and re* 
ceiver, as Ihewn PL III. Fig. 11. This may 
fervc two different purpofes ; either to ieparate 

two 
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two produds of different degrees of volatility ; 

or to remove the receiver to a greater diilance 

from the furnace, that it may be lefs heated* 

But thefe, and feveral other more complicated 

inflruments of ancient contrivance, are far from 

producing the accuracy requifite in modern che- 

miftry, as will be readily perceived when 1 come 

to treat of compound diftillation. 



** In confequence of the duties on the Scot- 

^ifh diililleries having lately been colleded by an 

a^nnual fum, proportional to the contents of the 

dill, it has been found profitable to hurry the 

procefs as much as poffible ; and, for this pur- 

poie, the ftills have been made exceflively broad 

and (hallow, with very lofty heads : By the 

^breadth and (hallownefs, the caloric of the fuel 

adts very quickly, having much furface, and 

little refiftance of incumbent liquid ; and the 

lieight of the head prevents any p^rt of the un- 

^iftilled liquid from boiling over. In this way, 

it is found that the contents of large ftills may 

l>e diftilled off with aftonifhing quicknefs ; per- 

liaps confiderably above 200 time$ eveiy 24 

liours."— T. 
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Of Sublimation. 



This term is applied to the diftillation of fub** 
fiances which condenfe in a concrete or folid 
form, fuch as the fublimation of lulphur, and of 
muriat of ammoniac, or fal ammoniac Thefe 
operations may be conveniently performed in 
the : ordinary diftilling veflels already defer ibed, 
though, in the fublimation of fulphur, a fp€« 
cies of Yeffels, named Alludels, have been ufu- 
ally employed. Thefe are vcffels of ftone or 
porcelain ware, which adjuft to each other over 
a cucurbit containing the fulphur to be fublir 
med. One of the beft fubliming vefTels, for fub-. 
fiances which are not very volatile, is a flafk, 
or ptiial of glafs, funk about, two-thirds into a 
fand-bath ; but in this way we are apt to lofe a 
part of the produdls. When thefe are wifHed 
to be entirely preferved, we mull hav€ recourfe 
to the pneumatQ-cbemical ditfilling apparatus, to 
be defcrib.ed in the following chapter. 
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CHAP. VI. 



Of Pneumato-cbemical Dijlillations, Metallic Dif- 
folutions, andfome other Operations ivbicb re- 
quire very complicated Injlrumentt. 



SECT. I. 

Of Compound and Pneumato-cbemical Djftillations. 

IN the preceding chapter, I have only /treated 
of diftillation as a iimple operation, by which 
two fubftances, dlflfering in their degrees of volau 
tility, may be feparated frorn cafch other ; but dip 
tillation often adually decompofes the fubftan^ . 
ces fubmitted to its adion, and becomes one of 
the moft complicated operations in chemiftry* 
In every diftillation, the fubftance diftilled muft 
be brought to the ftate of gas, in the cucurbit or 

f 

retort, by combination with caloric : In fimple^^ 
diftillation, this caloric is given out in the* re- i- 
frigeratory or . in the worm, and the fubftance 
again recovers its liquid or folid form ; but the 
lubftances fubmitted to compound diftifiation 

G ^ arc 



u>o ELEMENTS 

are abfolutely decompounded ; one part, as for 
inftance the carbon they contain, remains fixed 
in the retort, and all the reft of the elements 
are reduced to gafes of different kinds. Some 
of thefe gafes arfe* fufcfeptibte 6f being conden- 
fed, and of recov.^ring their folid^r liquid forms, 
w|iile others are pe^rm^nently aeriform ;. one part 
of thefe are abforbabie by .watec, fome by the a,I- 
kalies, and others are ^ot fufceptible of being 
abforbcd at all. An ordinary diftilling appara- 
tus, fuch as has been defcribedin the preceding 
chapter, is quite infuflScient for retaining or for 
feparating thefe diverfified produdls, and we are 
obliged to have recourfe, for this purpofe, to 
methods of^ more complicated nature. 

The apparatus I am about to defcribe is cal- 
culated for the moft complicated diftillations, and 
may be fimplified or extended according to cir- 
cumftances. it confifts of a tubulated glafs-retort 
A, PI. IV, Fig, I. having its beak fitted to a tu- 
bulated balloon or recipient BC ; to the upper 
orifice D of the balloon a bent tube DEfg is ad- 
juftcd, which, at its other extremity^, is plun- 
ged into the liquor contained in the bottle L, 
•with three necks xxx. Three other fimilar 
bottles are conneded with, this firft one^ by 
means of three fimilar bent tubes difpofed in ^ 
the fame manner ; and the fartheft neck of the 
laft bottle is conneded with a jar in a pneu^ 
m^tQ-cItemical apparatus^ by means of a bent ' 

tube 
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lube *. A determinate weight of diftilled watct 

is ufually put into the firft bottle, and the other 

three have each a folution of pure potafh in 

water. The weight of all thefe bottles, and of 

the water and alkaline folution they contain, muft 

be accurately afc^rtained. Every thing being thus 

difpofed, the junctures between the retort and fe- 

cipietit, and of the tube t) of the latter, muft be 

luted with fat lute, covered over with flips of 

linen, fpread with lime and white of eggs; all 

the oth^r junftures are to be fecuted by a lute 

made of wax and rofln melted together. 

When all thefe difpofitioils are completed^ 
and when, by means of heat applied to the re- 
tort A, the fubftance it contains becomes de- 
"compofed, it is evident that the leaft volatile 
produds muft condenfe or fublime in the beak 
>or neck of the retort itfelf, where moft of the 
concrete fubftances will fix themfelveis. The 
more volatile fubftances, as the lighter oils, am- 
moniac, and feveral others, will condenfe in the 
recipient GC, whilft the gafes, which are not 
fufceptible of condenfation by cold, will pafs on 
by the tubes, and boil up through the liquors 
In the feveral bottles. Such as are abforbable 

G 3 by 

* The reprefentation of this apparatus, PI. IV. Fig. t. 
Dvill convey a much better idea of its difpoiicion than can 
poffibly be given by the moft laboured defcription.— T- 
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by water will remain in the firft bottle, and 
thofe which pure alkali can abforb will re- 
main in the others ; while fuch gafes as are 
not fufceptible of abforption, cither by water or 
alkalies, will efcape by the tube RM, at the end 
of which they may be received into jars in a 
pneumato-chemical apparatus. The carbon and 
fixed earth, &c. which form the fubftance or re- 
fiduum, anciently called caput mortuum^ remain 
behind in the retort. 

In this manner of operating, we have always 
a very material proof of the accuracy of the 
analyfis, as the whole weights of the produces 
taken together, after the procefs isr finiflied, 
mift be exaftly equal to the weight of the ori- 
ginal fubllance fubmitted to diftillation. Hence^ 
f r inftance, if we have operated upon eight 
ounces of ftarch or gum arabic, the weight of 
the charry refiduum in the retort, together with 
that of all the products gathered in its neck and 
the balloon, and of all the gas received into the 
jars by the tube RM added to the additional 
weight acquired by the bottles, mull, when ta- 
ken together, be exadly eight ounces If the 
produdl be lefs or more, it proceeds from er- 
ror, and the experiment mud be repeated until 
a fatisfadory rel'ult be procured, which ought 
not to differ more than lix or eight grains in the 
pound from the weight of the fubftance fub- 
mitted to experiment. 

In 
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In experiments of tbis kind, I for a long time 
niet with an almolt infurmountable difficulty^ 
tvhich muft at lad have obliged me to deiiil alto- 
gether, but for a very fimple method of avoid- 
ing it, pointed out to me by Mr Haflenfratz. 
The fmalleft diminution in the heat of the fur- 
iiace, and many other circumftances infeparable 
from this kind of experiments, caufe frequent 
reabforptibns of gas : when this occors, the water 
in the ciftem of the pneumato-cbemical appara- 
tus rufhes into the laft bottle through the tube 
HM ; the fame circumltance happens from one 
"bottle into another^ and the fluid is often forced 
even into the recipient Ci This accident is pre- 
irented by ufing bottles having three necks, as 
teprefented in th^ plate^ into one of which, in 
each bottle, a capillary glafs.tube**Sf, st^ jp^, jr, is 
adapted, fo as to have its lower extremity t im- 
tnerfed in the liquor. If any abforption takes 
place, either in the retort, or in any of the bot^ 
tles^ a fufficient quantity of external air enters^ 
by means of thefe tubes, to fill up the void ; and 
we get rid of the inconvenience at the price of 
having a fmall portion of common air mixed with 
the produces of the experiment, whicli is there- 
by prevented from failing altogether. Though 
thefe tubes admit the external air, they cannot 
permit any of the gafcous fubftances to efcape^ 
as they are always (hut below by the water of 
the bottles, 

G 4 It 
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It is evident that, in the courfe ofcxperi- 
inents with this apparatus, the liquor of the bot- 
tles muft rife in thefe tubes in proportion to the 
preflTure fuftained by the gas or air cofi(tamed in 
the bottles ; and this preffure is determined by 
the height and gravity of the column of fluid 
contained in all the fubfequent bottles. If we 
fuppofe that each bottle contains three inches 
of fluid, and that there are three inches of wa- 
ter in the cittern of the connected apparatus a- 
bove the orifice of the tube RM, and allowing 
the gravity of the fluids to be only equal to that 
of that water, it follows that the air in the firft 
bottle muft fuftain a preflure equal to twelve 
inches of water ; the water muft therefore rife 
twelve inches in the tube S, connected with the 
firft bottle, nine inches in that belonging to the 
fecond, fix inches in the third, and three in the 
laft ; wherefore thefe tubes muft be made fome- 
what more than twelve, nine, fix, and three 
inches long refpedively, allowance being made 
for ofcillatory motions, which often take |place 
in the liquids. It is fometimes neceflary to in- 
troduce a fimilar tube between the -retort and 
recipient ; and as the tube is not immerfed in 
fluid at its lower extremity, until fome has col- 
leded in the progrefs of the diftillation, its up- 
per end muft be ft)ut at firft with a little lute, {& 
as to be opened according to neceflity, or after 

there 
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there is fufficient liquid in the recipient to fe» 

cure its lower extremity. 

This apparatus cannot be ufed in very accuf- 
rate experiments, when the fubftances intended 
to be operated upon have a very rapid action 
open each other, or when one of them can on- 
ly be introduced in fmall fucceffive portions, as 
in fuch as produce violent effervefcence when 
mixed together. In fuch cafes, we employ a 
tubulated retort A, PL VI I. Fig. i. into which 
one of the fubftances is introduced, preferring 
always the folid body, if any fuch is to be treat- 
ed, we then lute to the opening of the retort a 
"bent tube BCD ^, terminating at its upper eXf 
tremity B in a funnel, and at its other end A in 
a capillary opening. The fluid material of the 
experiment is poured into the retort by meant 
of this funnel, which muft be made of fuch a 
length, from B to C, that the column of liquid 
introduced may counterbalance the refiftance 
produced by the liquors contained in all the 
bottles, PL IV. Fig. i. 

Thofe who have not been accuftomed to ufe 
the above- defcribed diftilling apparatus, may 
perhaps be ftartled at the great number of open- 
ings which require luting, and the time necef- 
fary for making all the previous preparations in 
experiments of this kind. It is very true that, 
if we take into account all the neceflary weigh- 
ings of materials and produdls, both before and 

after 
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after the expeFiments, thefe preparatory aa^ txib^ 
ceeding fteps require much more time and atten- 
tion than the experiment itfelf. But, when the 
experiment fucceeds properly^ we are well re- 
warded for all the time and trouble bellowed, as^ 
by one procefs carried on in this accurate man- 
ner, much more juft and extenfive knowledge is 
acquired, of the nature of the vegetable or ani- 
mal fubftance thus fubmitted to inveftigation^ 
than by many weeks afiiduous labour in the or- 
dinary method of proceeding. 

When in want of bottles with .three orifices^ 
thofe with two may be ufed ; it is even poffible 
to introduce all the three tubes at one opening, 
fo as to employ ordinary wide mouthed bottles, 
provided the opening be fufficiently large. In 
this cafe we muft carefully fit the bottles with 
corks very accurately cut, and boiled in a mix- 
ture of oil^ wax, and turpentine. Thefe corks 
are pierced with the neceflary holes for receiving 
the tubes, by means of a round file, as in Fl. IVi, 
Fig- 8. 
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SECT. 11. 
Of Metallic Dijfolutions. 

I have already pointed out the difference be- 
tween folution of falts in water and metallic dif^ 
folutions. The former requires no particular 
veffels, whereas the latter requires very compli* 
cated veffels of late invention, that we may not 
lofe any of the products of the experiment, and 
may thereby procure truly conclufive refults of 
the phenomena which occur. The metals, in 
general, diffolve in acids with effervefcence, . 
which is only a motion excited in the folvent by 
the difengagement of a great number of bubbles 
of air or aeriform fluid, which proceed from the 
furface of the metal and break at the furface of 
the liquid. 

Mr Cavendifti and Dr Prieftley were the firft 
inventors of a proper apparatus for coUeding 
thefe elaftic fluids. That of Dr Prieftley it 
extremely firaple, and confifts of a bottle A, 
PL VII. Fig. 2. with its cork B^ through which 
paffes the bent glafs-tube BC, which is engaged 
Under ajar filled witlj water in the pneumato- 
chemical apparatus, or limply in a bafon full of 
Xv^t^f. The metal is firft introduced into the 

bottle, 
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bottle, the acid is then poured over it, and tlift 
bottle is inftantly clofed with its cork and tube^ 
as reprefented in the plate. But this apparatus 
has( its inconveniencies. When the acid is much 
concentrated, or the metal much divided, the ef- 
fervefcence begins before we hav6 time to cork 
the bottle properly, and fome gas efcapes, by 
which we are prevented from afcertaining the 
quantity difengaged with rigorous exadnefs. In 
the next place, when we are obliged to employ 
heat, or when heat is produced by the procefs, a 
part of the acid diftils, and mixes with the water 
of the pneumato-chemical apparatus, by which 
means we are deceived in our calculation of the 
quantity of acid decompofed. Befides thefe, 
the Water in the ciftern of the apparatus abforbs 
all the gas produced which is fufceptible of ab- 
fbrption, and renders it impoflible to colleft thefe 
without lofs. 

To remedy thefe inconveniencies, I at firft 
ufed a bottle with two necks, PI. VII. Fig. 3. in- 
to one qf which the glafs-funnel BC is luted fa 
as to prevent any air efcaping ; a glafs-rod DE 
is fitted with emery to the funnel, fo as to ferve 
the purpofe of a flopper. When it is ufed, the 
matter to be dilfolved is firft introduced into the 
bottle, and the acid is then permitted to pafs in 
as flowly as we pleafe, by raifing the glafs-rod 
gently as often as is neceffary until faturation is 
produced, 

* Anof h^if 
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Another method has been lince employedi 
"which ferves the fame purpofe, and is prefer-v 
able to the laft defcribed in fome inftances. This 
conlifts in adapting to one of the mouths of the 
bottle A, PL VII. fig. 4. a bent tube D £ F G, 
having a capillary opening at D, and ending in 
a funnel at G. This tube is fecurely luted to 
thfe mouth C of the bottle. When any liquid 
is poured into the funnel, it falls down to F ; 
and, if a fufficient quantity be added, it pafles 
by the curvature E, and. falls flowly into the 
bottle, fo long as frelh liquor is fupplied at th^ 
funnel. The liquor can never be forced out of 
the tube, and no gas can efcape through it, be- 
caufe the weight of the liquid ferves the purpofe 
of an accurate cork. 

To prevent any diftillation of acid, efp^cially 
in diflblutions accompanied with heat, this tube 
is adapted to the retort A, PI. VII. Fig. i. and 
;a fmall tubulated recipient, M, is applied, in 
Xvhich any liquor which may diftil is condenfed 
On purpofe to feparate any gas that is abforb* 
^ble by water, we add the double-necked hot- 
Tie L, half filled with a folution of pure pot- 
^{h : the alkali abforbs any carbonic acid gas, 
^nd ufually only one or two other gafes pafs 
into the jar of the connedled pneumato-chemi- 
cal apparatus through the tube N O. In the 
fjrft chapter of this third part we have direded 
J^OW thefe are to be feparated and examined. 

If 
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If otic bottle of alkaline folutioh be not thought 
fufficient, two^ three, or more, thay be add^d* * 



s E c T. m. 

Apparatus neceffary in Experiments upon Vtnws 
and PutrefaSlive FermeutationSf 

For thefe operations, a peculiar apparatus, e^^' 
fpecially intended for this kind of experiment, ig 
requifite. The one 1 am about to defcribe wa^ 
fin ^. My adopted, as the beft calculated fox* the- 
purpofe, afer numerous corredions andimproi^e- 
ments. It confifts of a large matrafs. A, PI. X^ 
Fig. I. holding about twelve pints, with a cpp of 
hrafsab, flrongly cemented to its mouth, and' 
into which is fcrewed a bent tube rrf, furnifhed* 
with a ftop-cock e. To this tube is joined the* 
gl^s recipient B, having three openings, one of 
which communicates with the bottle G, placed ' 
below it. To the pofterior opening of this re-- 
cipient is fitted a glafs-tube ^ b z, cemented at g^ 
and i to collets of brafs, and intended to contain 
a very deliquefcent concrete neutral fait, fuch as 
nitrat or muriat of lime, acetite of potafh, &c. 
This tube communicates with two bottles D 
and E, filled to x and j^, with a folution of pure 
potalh^ 
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-All the parts of this machine ate joined toge^ 

tt:^ ^r by accurate fcrcws, and the touching parts 

h^TC greafed leather interpofed, to prevent any 

pa.Hage of air. Each piece is likewife furnifhed 

^with two ftop-cocks, by which its two.extremi-'" 

tV^s may be clofed, fo that we can weigh each fe^^ 

parately at any period of the operation. 

TTic fermentable matter, fuch as fugar, with a 
Jjroper quantity of yeaft, and diluted with wa-» 
Tcr, is put into the matrafs; Sometimes; wheti^* 
the fermentation is tbo rapid, a confrderatt^f 
quantity of froth is produced, which not orily 
fills the neck of the matrafs, but paffes into the 
recipient, and from thence runs down into tho 
bottle C. On purpofe to collcft this fcum and 
muft, and to prevent it from reaching the tubd 
filled with deliquefcent falts, the recipient and* 
connefted bottlQ are made of confrderable capa^ 
city. 

In the vinous fermentation, only carborticP 
acid gas is difengaged, carrying with it a fmall' 
proportion of water in folutiom A great part' 
of this water is depofited in pafling through the 
tube ^ b if which is filled with a deliquefcent 
fait in grofs powder, and the quantity is afcer- 
tained by the augmentation of the weight of the 
fait. The carbonic acid gas bubbles up through 
the alkaline folution in the bottle D, to which 
it is conveyed by the tube k I m. Any fmall 
portion which may not be abforbcd by this firft 

bottle. 
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bottle> is fecured by the fc^ution in the fecond 
bottle E, fo that nothing, in general, pafles into 
the jar F, except the common air contained in 
the veflels at the commencement of the e^peri«* 
ment. 

The fame apparatus anfwers extremely well 
for experiments upon the putrefaSive fermen"^ 
tation ; but, in this cafe, a conlidelrable quantity 
of hydrogen gas is difengaged through the tube 
qr s tu^ by which it is conveyed into the jar F j 
and, as this difengagement is very rapid, efp&<» 
clally in fummer, the jar mu(t be frequently 
changed. Thefe putrefadive fermentations re;- 
quire conftant attendance from the above circum- 
ftance, whereas the vinous fermentation hardly 
needs any. By means of this apparatus, we can 
afcertain, with great preciiion, the weights of the 
fubflances fubmitted to fermentation, and of the 
liquid and aeriform produds which are difenga- 
ged. What has been already faid in Part I. 
Chap. Xlll. upon the produds of the vinous, 
fermentation^ may be confulted. 
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SECT. IV. 



Apparatus for the Decompofition of Water. 

Baving already given an account, in the firft 
It of this work, of the experiments relative 
the decompofition of water, I fhall avoid any 
neceflary repetitions, and only give a few 
mmary obfervations upon the fubjedl in this 
ion. The principal fubftances which have 
e power of decompofing water, are iron and 
^^ixarcoal; for which purpofe, they require to 
^e made red hot, otherwife the water is only re- 
duced into vapour, and condenfes afterwards by 
^^frigeration, without fuftaining the fmalleft al- 
t.eration. In a red heat, on the contrary, iron 
or charcoal carry off the oxygen from its unioa 
'^vith hydtogen ; in the fir ft cafe, black oxyd of 
iron is produced, and the hydrogen is difengaged 
pure in form of gas ; in the other cafe, carbonic 
acid gas is formed, which difengages, mixed with 
ttie hydrogen gas, and this latter is commonly 
owbonated, or holds carbon in folution. 

A mufket'barrel, without its breach-pin, an- 

i^vvers exceedingly well for the decompofition of 

^^'ater, by mfeans of iron, and one fhculd be 

Vol. II. H chofen 



ii6 ; SLE.MEiNTS 






\^ M « 



CHAP. VII. 

. f . ; ■ . 

, . . . - • 

P/t^e Compojition and JppHcatiofi of Lutes. 

THE neceffity of properly fecuring the junc- 
tures of chemical veffels, to prevent the 
efcape bf any of the produ<3:s of experiments, 
nuifl: be . fufBciently apparent ; for this.purpofe 
lutes are employed, which ought to bedf fucfa a 
nature as to be equally impenetrable to the moil 
fubtie fubftances as glafs itfelf, through which 
only caloric can efcape;. 

This fir ffi objedt of lutes is very wdl accom- 
plifhed by bees wax, melted with about an eighth 
part of turpentine. This lute is very eafily ma- 
naged, flicks very clofely to glafs, and is very 
difficultly penetrable ; it may be rendered more 
confiftent, and lefs or more hard or pliable by add- 
ing different kinds of refinous matters. Though 
this fpecies of lute anfwers extremely well for 
retaining gafes and vapfitirs, there are many che- 
mical experiments which pro4uce confiderable 
heat, by which this lute becomes liquefied, and 
confequently the expanfive vapours muft very 
readily force through and efcape. 

For 
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For fuch cafes, the following fat lute is thd 
beft hitherto difcovered^ though not without it» 
difad vantages, which (hall be pointed out. Tak^ 
very pure and dry unbaked clay, reduced to a 
fine powder ; put this into a brafs mortar, and 
beat it for feveral hours wit;h ^ heavy iron peille, 
dropping in llowly fome boiled lintfeed oil ; this 
is oil which has been oxygenated^ and has ac- 
quired a drying quality^; by being boiled with 
litharge. This lute is noore tenacious, and ap« 
plies better, if amber vatnifh be ufed inftead of 
the above oiL To make this varnifb, melt fomc 
yellow amber in an iron-laddle, by which opera* 
tion it lofes a part of its fuccinic acid^ and eflen* 
tial oil, and mix it with lintfeed oil. Though 
the lute prepared with this vamilh is better than 
that made with boiled oil, yet, as its additional 
ezpence is hardly compenlated by its fuperior 
quality, it is feldom ufed« 

The above fsit lute is capable of fuftaining a 
very violent degree of heat, is impenetrable by 
acids and fpiritous liquors, and adheres exceed- 
ingly well to metals^ (lone- ware, or glals, provi- 
ding they have been previoufly rendered per- 
fedly dry. But if, unfortunately, any of the 
liquor 10 the courfe of an experiment gets 
through, either between the gla(s and the lute, 
or between the layers of the lute itfel^ fo as to 
moiften the part, it is extremely difficult to clofe 

H 3 the 
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the opening. This is the chief iocoBfenience 
which attends the ufe of fat lute, and perbapi 
the only one it is fubjed to. As it is apt to fiiS- 
ten by heat, we muft furround all the junftara , 
with flips of wet bladder applied over the latin^ 
and fixed on by* pack-thread tied round both 
above and below the joint ; the bladder, and con- 
fequently the lute below, muft be farther fecu- . 
red by a number of turns of pack-thread all over 
it. By thefe precautions, we are free from every 
danger of accident ; and the jundures fecttied 
in this manner may be confidered, in experi- 
ments, as hermetically fealed. 

It frequently happens, that the figure of the 
jundures prevents the application of ligatures^ 
which is the cafe with the three-necked bottk» 
formerly defcribed ; and it even requires great 
addrefs to apply the twine without fhaking the 
apparatus ; fo that, where a number of juniStures 
require luting, we are apt to difplace fevend 
while fecuring one. In thefe cafes, we may fub- 
ftitute flips of linen, fpread with white of egg 
and lime mixed together, inftead of the wet 
bladder. Thefe are applied while (till moift, 
and very fpeedily dry and acquire confiderable 
hardnefs. Strong glue diflblved in water may 
anfwer inftead of white of egg. Thefe fillets 
are ufefully applied likewife over jundlures luted 
together with wax and rofin* 

Before 
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Before applying a lute, all the jundures of 
Ac veffels niuft be accurately and firmly fitted 
to each other, fo as not to admit of being mo- 
. ircd. If the beak of a retort is to be luted to 
the neck of a recipient, they ought to fit pretty 
•iccurately ; otherwife we muft fix them by in- 
troducing fhort pieces of foft wood^ or of cork# 
If the dilproportion between the two be very 
confiderable, we muft employ a cork which fitsr 
the neck of the recipient^ ha?ing a circular hole 
of proper dimenfions to admit the beak of the 
retort. The fame precaution is neceflary in 
adapting bent tubes to the necks of bottles 
in the apparatus reprefented PL IV. Fig. i. 
and others of a fimilar nature. Each mouth of 
^each bottle muft be fitted with a cork, having a 
hole made with a round file of a proper fize for 
containing the tube. And, when one mouth is 
intended to admit. two or more tubes, which 
frequently happens when we have not a fuffi- 
cient number of bottles with two or three necks^ 
we muft ufe a corl|^with two or three holes, 
PI. IV. Fig. ». 

When the whole apparatus is thus folidly 
joined, fo that no part dan play upon another, 
we begin to lute. The lute is foftened by 
kneading and rolling it between the fingers, 
with the afliftance of heat, if neceflary* It is 
tolled into Httlc cylindrical pieces, and applied 
to the junftures, taking great care to make it 

H 4 apply 
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apply clofe, and adhere firmly^ in every part ; a 
fecond roll is applied over the firft, fo as to pa& 
it on each fide, and fo on till each jumSare be 
fufficiently covered ; after this, the flips of blad- 
der, or of linen, as above dire<^ed, mud be care- 
fully applied over alL Though this operation 
jnay apfpear extremely iimple, yet it requires pe- 
culiar delicacy and management; gceat care muft 
be taken not to difturb one jundure whilft lu- 
ting another, and more efpecially when applying 
the fillets and ligatures. 

Before beginning any experiment, the clofe- 
ncfs of the luting ought always to be previoufly 
tried, either by flightly heating the retort A, 
PL IV. Fi^. I • or by blowing in a little air by 
fome of the perpendicular tubes Sss s j the al- ^ 
teration of preffure caufes a change in the level 
of the liquid in thefe tubes. If the apparatus 
be accurately luted, this alteration of level will 
be permanent; whereas, if therfe be the fmalleft 
opening in any of the junctures, th^ liquid will 
very foon recover its former level. It muft al- 
ways be remembered, that the whole fuccefs of 
experiments in modern chemiflry depends upon 
the exadnefs of this operation, which therefore 
requires the utmoft patience^ and mofl attentive, 
accuracy. 

It would be of infinite fervice to enable che- 
mifls, efpecially thofe who are engaged in pnen-- 
matic procefTes, to difpenfe with the ufe of lutes^ 

or 
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or at leafl to dimintfh the number neceflary in 

oomplicated inflruments. I once thought of 

having my apparatus conftrudled fo as to unite 

1q all its parts by fitting with emery , in the way 

of bottles with cryftal-ftoppers ; but the execu- 

tiion of this plan was extremely difficult. I have 

fince thought it preferable to fubftitute columns 

of a few lines of mercury in place of lutes, and 

l:&ave got an apparatus conftruded upon this 

rinciple, which appears capable of very conve- 

lent application in a great number of circum- 

ances. 

It conilfts of a double- necked bottle Ay PI. XIJ* 

ig. 12.; the interior neck be communicates 

xvith the infide of the bottle, and the exte- 

Jrior neck or rim de leaves an interval between 

^he two necks, forming a deep gutter intended 

^o contain the mercury. The cap or lid of 

^lafs B enters this gutter and is properly fitted 

T:o. it, having notches in its lower edge for the 

^aflage of the tubes which convey the gas* 

Thefe tubes, inftead of entering diredly into 

l:he bottles as in the ordinary apparatus, have m 

flouble bend for making them enter the gutter^ 

^s reprefented in Fig. 13. and for making them 

fit the notches of the cap B ; they rife again 

from the gutter to enter the infide of the bottle 

ever the border of the inner mouth. When the 

lubes are difpofed in their proper plac^, and 

the cap firmly fitted on, the gutter is filled with 

mercury. 
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mercury, by which means the bottle ]» com- 
pletely excluded from any coihmunicatifon, ex- 
cepting through the tubes. This apparatus may 
be very convenient in many operations in which 
the fubftances employed have no adion upon 
mercury.' PL XII. Fig. 14. reprefents an appa* 
ratus upoil this principle properly fitted toge* 
ther. 

Mr Seguin, to whbfe aftive and intelligent 
aflfiftance I have been very frequently niuch in- 
debted, has befpoken for me, at the glafs-houfes, 
feme retorts hermetically united to their reci- 
pients, by which luting will be altogether unne- 
ceffary* 
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CHAP. vni. 



)f Operations upon Combujiion and Bejiagrathn. 



SECT. I. 



Of Combuflion in GtneraL 



COMBUSTION, accordiDg to what has beCki 
already faid in ^the iFirft Part of this 
Work, is the decomposition of oxygen gas pro* 
duced by a combuftiWe body. The oxygen 
which forms the bafe of this gas is abforbed by^ 
and enters into combination with, the burning 
body, while the caloric and light are fet frecu 
Every combuftion, therefore, necelTarily fuppo^ 
fes oxygenation ; whereas, on the contrary^ 
every oxygenation does not neceifarily implyi 
concomitant combuftion ; becaufe combuftioo^ 
properly fo called, cannot take place without 
difengagement of caloric and lighL. Beford 
combuilion can take place, it is neceflary thai 

tbe bale of oxygen gas ihould have greater affi« 

nity 
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nity to the combuftible body than it has to cn« 
loric ; and this eledive attradion, to ufe Berg- 
mans exprelfion, can only take place at a certain 
degree of temperature, which is different for each 
combuftible fubftance ; hence the neceffity of gi- 
ving a firft motion or beginning to every conv- 
buftioni by^the approach of a heated body. This 
neceffity of heating any body we mean to burn 
depends upon certain confiderations, which have 
not hitherto been attended to by any natural 
philofopher, wherefore I fhall enlarge a little 
upon the fubjeft in this place- 
Nature is at prefeht in a ftate of equilibrium, 
which cannot have been attained until all the 
fpontaneous combuftions or oxygenations pof- 
fij)le in the ordinary degrees of temperature had 
takeYi place. Hence, no new combuftions or 
oxygenations can hapj^n without deftroying 
this equilibrium, and raiftng the combuftible 
fubftances to a fuperior degree of temperature. 
To illuftrate this abftradl view of the matter by 
example : Let us fuppofe the ufual temperature 
of the earth a little changed, and that it were 
raifed only to the degree of boiling water ; it is 
evident, that, in this cafe, phofphorus, which is 
combuftible in a confiderably lower degree of 
temperature, would no longer exift in nature in 
its pure and fimple ftate, but would always be 
procured in its acid or oxygenated ftate, and its 
radical would become one of the fubftances un- 
known 
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Wnown to chcmiftry. By gradually incrcafing' 
^he temperature of the earth the fame circum« 
:ilance would fucceffively happen to all the bo- 
dies capable of combuftion ; and, at laft, every 
poliible combuftion having taken place, there 
would no longer exift any combuftible body 
whatever,. as every fubftance fufceptible of that 
operation would be oxygenated, and confequent* 
ly incombuftible. 

There cannot therefore exift, fo far as relates 
to us, any combuftible body, except fuch as are 
incon)buftible in the ordinary temperatures of 
the earth; or, what is the fame thing, in other 
Words, that it is effential to the nature of every 
combuftible bodyj not to poflefs the property of 
«ombuftion, unlefs heated, or raifed to the de- 
gree of temperature at which its combuftion na« 
Rurally takes place. When this degree is once 
produced, combuftion commences, and the calo- 
xic which is difengaged by the decompofttion of 
The oxygen gas, keeps up the temperature ne- 
celTary for continuing combuftion. When thi3 
16 not the cafe, that is, when the difengaged ca- 
loric is infufficient for keeping up the neceflary 
temperature, the coinbuftion ceafes : This cir- 
cumftance is exprefTed in common language 
"by faying, that a body burns ill, or with diffi- 
culty. 

Although combuftion poflelTes fome circum- 
ftances in cominon with diftillation, efpecially 

with 
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vfith the componiid kind of tbat operatiod, they 
difier in a very material ^iat. la diftillation 
tbere is a reparation of one. part of the elements 
of thefubftaace from each otber, and a confequent 
combination of thefe, in a new order, occafioned 
by the affinities which take place in the increafed 
temperature produced daring diftillation : This 
likewife happens in combuftion, hot with this 
farther circumftance, that a new element, not 
originally in the body, is brought into a&ion ; 
oxygen is added to the fubflance fubmitted to 
the operation, and caloric is difengaged. 

The neceflity of employing oxygen in the 
fiate of gas in all experiments with combuftion, 
smd the rigorous determination of the quanti- 
ties employed, render this kind of operations 
peculiarly troublesome* As alnn^ all the pro* 
dxi&s of combuftion are difengaged in the ftate 
of gas, it is ftili more difficult to retain them 
than even thoJEe £tmu{hed during compound di£- 
tillation ; hence this precaution was entirely ne- 
gie^ed by the aniient chemifts ; and this fetof 
experiments exclufively belongs to modern cbe* 
xniftry* 

Having thus pointed out, in a general way^ 
the objects to be had in view in experiments 
upon combuftion, I proceed, in the following 
jeftions of this chapter, to defcribe the different 
inftruments I have ufed with this view. The 
following arrai^gctpent is formed, not upon the 

nature 
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nature of tbe combailible bodies, but upon that 
pf the inftruments neceflary for combuftion. 



SECT. II. 

ff 

Of tbe Comhujiion of Phofpborus. 

In thefe combuftions we begin by filling ajar, 
oapable at leaft of holding fix pints, with oxy- 
gen gas in the water apparatus, PI. V. Fig. i. ; 
^v?hen it is perfedly full, fo that the gas begins 
to flow out below, the jar A is carried to the 
xnercury apparatus, PL IV. Fig. 3. We then 
€lry tbe furface of the mercury, both within and 
'without the jar, by means of blotting- papier, ta- 
lcing care to keep the paper fi^r fome time en« 
tirelj iramerfcd in the mercUry before it is in- 
troduced under the jar, left we let in any com- 
mon air, which flicks very obftinately to the 
furfiace of the paper. The body to be fubmit- 
ted to combuftion, being firft very accurately 
weighed in nice fcales, is placed in a fmall fiat 
ihallow di{h, D, of iron or porcelain ; this is 
covered by the larger cup P, which ferves the 
ofiice of a diving-bell, and the whole is pafledi 
through the mercury into the jar, after which 
the larger cup is retired. The difficulty of paf- 
£ng the materials of combuftion in this manner 

througfai 
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tJirough the mercury may be avoided by raifing 
one of the fides of the jar A, for a moment, 
and flipping in the little cup D, with the com- 
buftible body, as quickly as pollible. In this 
manner of operating, a fmall quantity, of com- 
mon air gets into the jar, but it is fo very in- 
confiderable as not' to injure either the progrefs 
or accuracy of the experiment in any fenfiblc 
degree. 

When the cup, D, is introduced. undei" the 
jar, we fuck out a part of the oxygen gas, fo as 
to raife the mercury to E F, as formerly dire<3:ed. 
Part I. Chap* V. otherwife when the corabuf- 
tible body is fet on fire, the gas becoming di- 
lated would be in part forced put, and we Ihould 
no longer be able to make any accurate calcula- 
tion of the quantities before and after the ex- 
p^riment. A very convenient mode of draw- 
ing out the ,air is by means of an air-pump fy- 
ringe adapted to the fyphon, G H I, by which 
the mercury may be raifed to any degree under 
twenty-eight inches. Very inflammable bodies, 
as phofphorus, are fet on fire by means of the 
crooked iron-wire, M N, PI. IV. Fig. i6. made 
red-hot, and pafled quickly through the mercu- 
ry. Such as are lefs eafily fet on fire have a 
fmall portion of .tinder, upon which a minute 
particle of phofphorus is fixed, laid upon thenj 
l?efore ufihg the red-hot iron. 

In 



OF CHEMISTRY. 129 

In the firft moment of combuftion, the air, be- 
ing heated, rarefies, and the mercury defcends ; 
iDut when, as in combuftions of phofphorus. and 
Iron, no elaftic' fluid is formed, abforption be* 
oomes prefently very feniible, and the mercury 
rifes high into the jan Great attention mud be 
ufed not to burn too large a quantity of any fub- 
fiance in a given quantity of gas, otherwife, to- 
mrards the end of the experiment, the cup would 
approach fo near the top of the jar as to endan- 
ger breaking it, by the great heat produced, and 
^he fudden refrigeration from the cold mercury. 
Tor the methods of meafuring the volume of the 
^afesi, and for correcting the meafures according 
to the height of the barometer and thermometer, 
&c. fee Chap. XL Sed. V. and VI. of this Part. 
The above procefs anfwers very well for burn- 
ing all the jconcrete fubftances, and even for the 
fixed oils : Thefe laft are burned in lamps under 
the jar, and are readily fet on fire by means of 
tinder, phofphorus, and hot iron. But it is dan- 
gerous for fubftances fufceptible of evaporating 
in a moderate heat, fuch as ether, alcohol, and 
the effential oils ; thefe fubftances difiblve in con- 
iiderable quantity in oxygen gas ; and, when fet 
on fire, a dangerous and fudden explofion takes 
place, which forces up the jar to a great height, 
and daihes it In a thoufand pieces. From the 
effeds of two fuch explofions, fome of the meni- 
VoL. XL I . bers 
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bers. of the Academy and myfelf efcaped very 
narrowly. Befides, though this manner of ope- 
rating is fufBcient for determining pretty accu- 
rately the quantity of oxygen gas abforbed, and 
of carbonic acid produced^ yet as water is like- 
wife formed in all experiments upon vegetable 
and animal matters which contain an excefs of 
hydrogen, this apparatus can neither coUedl it, 
nor determine its quantity. The experiment 
with phofphorus is even incomplete in this way, 
as it is impoffible to demonftrate that the weight 
of the phofphoric acid produced is equal to the 
fum of the weights of the phofphorus burnt and 
of oxygen gas abforbed during the procefs : I 
have been, therefore, obliged to vary the inftru- 
ments according to circumftances, and to employ 
feveralof different kinds, which I fhall defcribe 
in theix order, beginning with that ufed for 
burning phofphorus. 

Take a large balloon A, PI. IV. Fig. 4. of cry- 
ftal or white glafs, with an opening EF, about 
two inches and a half, or three inches, diamc- 
ter, to which a cap of brafs is accurately fitted 
witlh emery, and which has two holes for the 
paffage of the tubes xspx^ yyy. Before fhutting 
the balloon with its cover, place within it the 
.ftand, BC, fupporting the cup of porcelain, D, 
which contams the phofphorus. Then lute on 
the cap with fat lute, and allow it to dry for 
fome days, and weigh the whole accurately; 

aftey 
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'after this exhauft the balloon by hieaRS oF ah 

'air-pump connedled with the tube xx x, and BU 

it with oxygen gas by the tube yy^f from the 

gazometer, PL VIII. Fig. i. defciibed €hap. 11. 

Sea. II. of this part. The Phofphorus is then 

let on fire by means of a burning-glafs, and is 

allowed to burn till the cloud of concrete* phbf- 

phoric acid ftops the combuftidn,' oxygeh gas 

"being continually fupplied from the gazom^ter. 

When the apparatus has cooled, it is werghed 

and unluted j the tare of the' inftrument being 

allowed, the weight is that of the phofphoric 

acid contained. It is proper, for greater accii- 

racy, to examine the air or gas contained in the 

balloon after combuftion, as it ipay happen to 

be fomewhat heavier or lighter than common 

air J and this difference of weight muft be taken 

into account in the calculations upon the refults 

of the experiment. 



SECT. III. 

Of the Combujlion of CbarcoaL 

The apparatus I have employed for this pro- 
cefs confifts of a fmall conical furnace of hammer- 
ed copper, reprefented in perfpedlive, PI. XII. 
|rig. 9. and internally difplayed Fig. 11. It is 

I 2 divided 
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divided into the furnace, ABC, where the char- 
coal is burnt, the grate, d ^, and the afh-bole, 
F; the tube, GH^ in the middle of the dome 
of the furnace, ferves to introduce the cliarcoal, 
•^od as a chimney for carrying off the air which 
has ferved for combuftion. Through the tube 
Imn, which communicates with the ga^omet^r, 
jthe oxygen gas, of air, intended for fupporting 
the Goinbuftion, is conveyed into the ^fh-holc, 
F, whence it is forced, by the application of 
preiTure to the gazometer, to pafs through the 
grate, de^ and to blow upon the burning char- 
coal placed immediately above. 

Oxygen gas, which forms -^-^ parts of atmo- 
fpheric air, is changed into carbonic acid gas du- 
j-ing combuftion with charcoal, while the azotic 
gas of the air is not at all altered. Hence, after 
the combuftion of charcoal in atmofpheric air, 
a mixture of carbonic acid gas and azotic gas 
muft remain ; to allow this mixture to pafs off, 
the tube, o />, is adapted to the chimney, GH, 
by means of a fcrew at G, and conveys the gas 
into bottles half filled with folution of cauftic 
potafh. The carbonic acid gas is abforbed by 
the alkali, and the azotic gas is conveyed into a 
fecond gazometer, where its quantity is afcer- 
tained. 

The weight of the furnace, ABC, is firft ac- 
curately determined ; then the tube RS, I^ig. lo. 
of known weight, is introduced by the chim- 

nej. 
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Micy, GH, tilt its lower end 3, reds upon the 
grate, d e^ which it occupies entirely \ in the 
next place, the furnace is filled with charcoal, 
and the whole is weighed again, to know tAe 
exaA quantity of charcoal fubmitted to eispeti** 
ment. The furnace is now put in its place,- th6 
tube, Imn^ is fcrewed to that which communi- 
cates with the gaxometer, and the tube, p^ to 
that which communicates with the bottles of al- 
lialine folution. Every thing being in readinefi, 
the ftopocock of the gasometer is opened, a fmall 
piece of burning charcoal is thrown into the* 
tube, RS, which is inftantly withdrawn, and the 
tube, opi is fcrewed to the chimney, GH. The 
little piece of burning charcoal falls upon the^ 
grate, and in this manner gets below the whole'' 
charcoal, and is kept on fire by the dream of air 
firom the gaxometer. To be certain that the 
con^buftion isbegun^ and that it goes on proper- 
ly, the tube, qrs^ is fixed to the furnace, having 
a piece of glafs cemented to its upper extremi- 
ty, /, through which we can fee if the charcoal 
lie on fire»* 

I negleded to obferve above, that the furnace, 
and its appendages, are plunged into water in the 
ciftern, TVXY, Fig. ii- PL XII. to which ice 
may be added to moderate the heat, if neceflary ; 
though the heat is by no means very confider- 
able, as^ there is no air fupplied but what comes 
from the gazometer, and no more of the charcoal 

J 3 burns 
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bums at one time than what is immediately over 
the grate. 

As one piece of charcoal is. confumed, another . . 
fall% dowij: into its place, in confequence of the 
declivity of the. fides of the furnace ; this gets in-, 
to the ftream of air, from the grate, d e, and is 
burnt; and fo on, fucceffively, till the whole 
charcoal is confumed. The air which has ferved 
the purpofe of the combuftion paffes through the 
mafs of charcoal, and is forced, by the preflure 
of the gafzometer, to efcape through the tube, 
op, and to pafs through the bottles of alkaline 
folution, - 

This experiment furnifhes all the neceffary 
dat^ fpr a complete analyfis of atmofpheric air 
and of charcoal. We know the weight of char* 
coal coi)Ajimed ; the gazometer gives us the mea- 
fure of the air employed ; the quantity and qua- 
lity of gas remaining after combuflion may be 
determined, as it is; received, either in another . 
gazometer, or in jars, in a pneumato-chemical 
apparatus \ the weight of alhes remaining in the 
afh-hole is readily afcertained : and finally, the « 
additional weight acquired by the bottles of al- 
kaline folution gives the e^adl quantity of car- 
bonic acid formed during the procefs. By this 
experiment we may likewife • determine, with, 
iufficient accuracy, the proportions in which 
carbon and oxygen enter into the compofition of. 
carbonic acid. 

In 
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In a future tnemoir I (ball give an account fo 
the Academy of a feries of experiments I have 
undertaken,, with this inilrument> upon all the 
vegetable and animal charcoals. By4bme very 
flight alterations, this machine may be made to 
anfwer for obferving the principal phenomena o^ 
xefpiration. 



•v 



SECT. IV. 

Of the CoMhuJlioh of Oils. 

Oils are more compound in their nature than 
charcoa]> being formed by the combination of 
at lead two elements, carbon and hydrogen ; of 
courfe, after their combuftion in cotnthon air, 
Water, carbonic acid gas, and atotic gas remain* 
Hence the apparatus employed for their combuf- 
tion requires to be adapted for coUefting thefe 
three produdls, atid is confequently more com- 
plicated than the charcoal furnace. 

The apparatus I employ for this purpofe is 
compofed of a latge jar or pitcher A, PL XII. 
Fig. 4. furrounded it its upper edge by a rim of 
iron properly cemented at DE, and receding 
.from the jar at BC, fo as to leave a furrow or 
gutter xXf between it and the outfide of the jar 

1 4 fomewhat 
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fomewhae more than two inches deep; The co- 
yer or lid of the jar. Fig 5. is likewife furround- 
cd by an iron-rim //, which adjufts into the 
gutter X Xf Fig, 4, which being filled with mer- 
cury, has the eflfeft of clofing the jar hermeti- 
cally in an inftant, without ufing any lute ; and, 
as the gutter will hold about two inches of mer- 
cury, the air in the jar may be made to fuftain 
the preflure of more than two feet of water, 
without danger of its efcaping. 

The lid has four holes, T bi k^ for the paflage 
of an equal number of tubes. The opening T 
is furniflied with a leather-box, through which 
paffes the rod, Fig. 3. intended for raifing and 
lowering the wick of the lamp, as will be after- 
wards diredled* The three other holes are in- 
tended for the paflage of three feveral tubes ; 
one of thefe conveys the oil to the lamp, a fc- 
cond conveys air for keeping up the combuf- 
tion« and the third carries off the air, after it 
has ferved for combuftion. The lamp in which 
the oil is burnt is reprefented Fig. 2. ; a is the 
refervoir of oil, having a funnel by which it is 
filled \ b cd efg 6 is a fyphon which conveys 
the oil to the lamp 11 ; 7, 8, 9, 10, is the tube 
which conveys the air for combuftion from the 
gazometer to the fame lamp. The tube i r is 
formed externally, at its lower end h, into a 
male fcrew, which turns in a female fcrew in the 
lid of the refervoir of oil tJ j fo that, by turning 

the 
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"irhc rcfcrvoir one way or the other, it is made to 
:rife or fall, by which the oil is kept at the necel^ 
fary level. 

When the fyphon is to be filled, and the com- 
munication formed between the refervoir of oil 
and the lamp, the (lop-cock c is (hut, and that 
at e opened j oil is then poured in by the open- 
ing/ at the top of the fyphon, till itrifes within 
three or four lines of the upper edge of the lamp, 
after which the (lop-cock k is (hut, and that at c 
opened ; the oil is next poured in ztf, till the 
branch bed of the fyphon is filled, and then the 
ftop-cock e is clofed. The two branches of the 
lyphon being now completely filled, a communi- 
cation is folly e(labli(hed between the refervoir 
and the lamp. 

In PL XII. Fig. I. all the parts of Jthe lamp 
II, Fig. 2. are reprefented magnified, to fbew 
them diftiridly. The tube i k carries the oil 
from the refervoir to the cavity a a a d, which 
contains the wick ; the tube 9, 10, brings the air 
from the gazometer for keeping up the combuf- 
tion ; this air fpreads through the cavity dddd^ 
and, by means of the pafiTages c c c c and bhbb 
is diftributed on each fide of the wick, after the 
principles of the lamps conftrudled by Argand, 
Quinquet, and Lange. 

To render the whole of this complicated ap- 
paratus more eafily underftood, and that its de- 
fcription may make all others of the fame kind 

more 
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more readily followed, it is reprefented, cotri^ 
;gletely conneded together forufc, in PL XL 
The gazometer P furnifhes air for the combuf*- 
tion, by the tube and ftop-cock i, 2 ; the tube 
2, 3, communicates with a fecond gazometer, 
which is filled while the firft oiie is emptying du- 
ring the procefs, that there may be do interrup- 
tion to the combuftion ; 4, 5, is a tube of glafs 
filled with deliquefcent falts, for drying the air 
as much as poffible in its paiTage ; and the 
weight of this tube and its contained falts, at 
the beginning of the experiment, being known, 
it is eafy to determine the quantity of water ab- 
forbed by them from the air. From this deli- 
quefcent tube, the air is conduced through the 
pipes, 6, 7, 8, 9, 10, to the lamp 11, where it 
fpreads on both fides of the wick, as before de- 
fcribed, and feeds the flame. One part of this 
air, which ferves to keep up the combuftion of 
the oil, forms carbonic acid gas and water, by 
oxygenating its elements. Part of this water 
eondenfes upon the fides of the pitcher A, and 
another part is held in folution in the air, by 
means of caloric furniftied during the combuftion. 
This air is forced by the compreffion of the ga- 
zometer to pafs through the tube 12, 13, 14, 
15, into the bottle 16, and the worm 17, 18, 
where the water is fully condenfed froni the re- 
frigeration of the air ; and, if any water ftill re- 
main 
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^cnai]^ in folution, it is abforbed by deliqo^fcent 
dfalts contained in the tube 19, 20. 

All thefe precautions are folely intended for. 
<olle&ing and determining the quantity of water 
formed during the experiment ; the carbonic acid 
and azotic gas remain to be afcertained. The 
former is abforbed by cauftic alkaline folution in 
the bottles 22 and 25. I have only reprefented- 
two of thefe in the figure, but nine at lead are 
requifite ; and the laft of the feries may be half 
filled with lime-water, which is the mod certain 
reagent for indicating the prefence of carbonic 
acid; if the lime water is not rendered turbid. 
We may be certain that no fenfible quantity of 
that acid remains in the air. 

Xhe. reft of the air which has ferved for com- 
buftion, and which chiefly confifts of azotic gas, 
though ftill mixed with a confiderable portion 
of oxygen gas, which has efcaped unchanged 
from the combuftion, is carried through a third 
tube 28, 29, of deliquefcent falts, to deprive it 
of any moifture it may have acquired) in the 
"bottles of alkaline folution and. lime-water, and 
from thence by the tube 29, 30, into a gazp- 
neter, where its quantity is afcertained. Small 
^ffays are then taken from it, which are expofed 
-^o a folution of fulphuret of potalh, tQ.^fcertaia 
'^be proportions of oxygen and azot^ic gas it con- 
'^ains. 

In the combuftion of oils/ the wick becomes 
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at laft charred, and obftru^ts the rife of tht oil; 
beiides, if we raife the wick abave a certain 
height, more oil rifes through its capillary tabes 
than the ilream of air is capable of confunun^, 
and fmoke is produced. Hence it is tieceflary 
to be able to lengthen or ihorten the wick with- 
out opening the apparatus ; this is accompH(b* 
ed by means of the rod 31, 32, 33, 34, which 
pafles through a leather-box, and is conned):ed 
with the fupport of the wick ; and that the mo- 
tion of this rod, and confequeritly of the wicky 
may be regulated with the utmoft fmoochnefs 
and facility, it is moved at pleafure by a pinion^ 
which plays in a toothed rack. The rod, with 
its appendages, are rcprefented PI. XII. Fig.. 3* 
It*appeared to me, that the combuftion would be 
affiiled by furrounding the flame of the Iwxfh 
with a fmall glafs-jar open at both ends, as re- 
prefented in its place in PL XL 

I ihall not enter into a more djetailed deicrip- 
tion of the conftru£tion of this apparatus, whiob 
is ftill capable of being altered and modtfiisd ia 
many rcfpedts ; but (hall only add, that when it 
is to be ufed in experiment, the lamp and refer- 
¥oir with the contained oil mud be accurately 
weighed, after which it is placed as before di- 
reded^ and lighted j having then formed the 
cpnnedlion between the air in the gasometer 
And the lamp, the external jar A, PI. XI. is fix-: 
ed over all^ and fecurtd by means of the board 

BC, 
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SC, and by two rods of iron which conned this 

board with the lid, and are fere wed to it. A 

Tmall quantity of oil is burnt while the jar is ad- 

jufting to the lid, and the produfl of that com-» 

buftion is loft ; there is likewife a fmali portioa 

of air from the gazometer loft at the fame time. 

Both of thefe are of very inconfiderable confe* 

quence in extenfive experiments, and they are 

even capable of being valued in our calculation 

of the refults. 

In aparticular memoir, I (hall give an account 
to the Academy of the difficulties infeparable 
from this Icind of experiments : Thefe are fo in« 
Airmountable. and troublefome, that I have not 
hitherto been able to obtain any rigorous deter- 
mination of the quantities of the produfls. I have 
fufficient proof, however, that the fixed oils are 
entirely refolved during combuftion into water 
and carbonic acid gas, and confequently that 
they are compofed of hydrogen and carbon ; but 
I have no certain knowledge refpe&ing the pro* 
portions of thefe ingredients. 



SECT, 
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SECT. V. 



Of the Combii/iion of Alcoboh 



The combiiftion of alcohol may be very readi- 
ly performed in the apparatus already defcribed 
for the combuftion of charcoal and phofphorus. 
A lamp filled with alcohol is placed under the 
jar A, Pl. IV, Fig. 3. a fmall n^orfel of phof. 
phorus is placed upon the wick of the lamp, 
which is fet on fire by means of the hot iron, as 
before directed. This procefs is, ho>Yever, li- 
able to confiderable inconvcniency ; it is dan- 
gerous to make ufe of oxygen gas at the begin- 
ning of the experiment for fear of deflagration, 
which is even liable to happen when commonrTv «n 
air is employed. An accident of this kind hadE^ .md 
very near proved fatal to myfelf, in prefence oft: ^^of 
fome members of the Acadefny. Infteadof prepa— -^»*- 
ring the experiment, as ufual, at the time it was -^ ^^ 
to be performed, 1 had difpofed every thing in or— ^^^^" 
l^der the evening before ; theatmofpheric airof the^ xJhe 
I jar had thereby fufficient timo t(; diflblve a goo( 
deal of the alcohol, and this evaporation ha( 
even been confiderably promoted by the heights -^^^"^ 
of the column of mercury, which I had raife£> ^ed 
to EF, PI. IV. Fig. 3. The moment 1 attempt—-:*' ^^' 
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ed to fet the little morfel of phofphorus on fire 
"by means of the red hot iron, a violent explofioh 
took place, which threw the jar with great vio- 
lence againft the floor of the laboratory, and 
dafhed it in a thoufand pieces. 

Hence we can only operate upon »very fmall 
quantities, fuch as ten or twelve grains of alco- 
hol, in this planner ; and the errors which may 
be committed in experiments upon fuch fmall 
quantities prevent our placing any confidence in 
their refults, 1 eqdeavQured to prolong the com- 
t)uftion, in the experiments contained in the 
Memoirs of the Academy for 1784, p. 593. by 
lighting the alcohol firft in common air, and fur- 
nifliing oxygen gas afterwards to the jar, in pro- 
portion as it confumed ; but the carbonic acid gas 
produced by the procefs became a great hindr- 
ance to the combufi:ion, the more fo that alcohol 
is but difficultly combuftible, efpecially in worle 
than common air j fo that even in this way very 
fmall quantities only could be burnt. 

Perhaps this combuftion might fucceed better 
in the oil apparatus, PL XL ; but I have not 
hitherto ventured to try it. The jar A in which 
the combuftion is performed, is near 1400 cubi- 
cal inches in dimenfion ; and, were an explofion 
|o take place in fuch a veffel, its confequences 
would be very terrihle, and very difficult to 
guard againft. I have not, however, defpaired 
pf ftiakipg the attemp^. 

In 
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In confeqitence of tbefe difficulties^ I have 
been hitherto obliged to confine myfelf to expe- 
riments upon very fmall quantities of alcohol, at 
leaft to combuftions made in open veflels, fuch 
as that reprefented in PI. IX. Fig. $• which will 
be defcribed in Se£tion VII. of this Chapter, If 
I am ever able to remove thefe difficulties^ I ihall 
vefome this inveftigation. 



SECT. VI. 

Of the Combujlion of Etber. 

Though the combuftion of ether in clofe vef- 
fcls does not prefent the fame difficulties as thai 
of alcohol, yet it involves fome of a different kind 
-not more eafily overcome, and which flill pre- 
vent the progrefs of my experiments. I endea- 
voured to profit by the property which ethe: 
poffefTes of diffolving in atmofpheric air, and be 
ing thereby rendered inflammable without expl^ 
fion. For this purpofe, I conftrufted the refer* 
voir of ether abc d, PI. XII. Fig, 8. to which ai 
is brought from the gazometer by the tube i, 
3, 4. This air fpreads, in the firft place, in th« 
double lid a co( the refervoir, from which i«: i^ 
paffes through feven tubes ef gh, ik^ &c. whicf -^i^^h 
defcend to the bottom of the ether, and it m^ ^^ 

force ^^^ 
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forced, by the preflure of the gazometer, to boil 
up through the ether in the rcfervoir. We 
may replace the ether in this firft referroir, io 
proportion as it is diflblved and carried offb/ 
the air, by means of the fupplementary refer- 
voir £, connedted by a brafs tube fifteen or 
eighteen inches long, and ihut by a ftop-cock» 
This length of the connecting tube is to enable 
the defcending ether to overcome the reiiftance, 
occafioned by the preflure of the air from the 
gazometer. 

The air, thus loaded with vapours of ether^ 

is conduced by the tube 5, 6, 7, 8, 9, to the jar 

A, into which it is allowed to efcape through a 

capillary opening, at the e:ctremity of which it is 

fet on fire. The air, when it has ferved the pur- 

pofe of combuftion, pafles through the bottle 16, 

IPL XI. the worm 17, 18, and the d^liquefcent 

tube 19, 20, after which it pafles through the aU 

Icaline bottles ; in thefe its carbonic acid gas is 

abforbed, the water formed during the esLperi* 

xnent having been previoufly depofited in the 

former parts of the apparatus. 

When I caufed conftrudl this apparatus, I 

^uppofed that the combination of atmofpheric air 

and ether formed in the refervoir abed, PI. XII. 

IFig. 8. was in proper proportion for fupporting 

<:on^bu{lion ; but in this I was miftaken ; for 

there is a very confiderable quantity of excefs of 

^ther; fo that an additional quantity of atmo- 

Vol. II. K fpheric 
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ifphttic ait is necefTary to enable it to burn fally. 
Hence a. lamp conftrufted upon thefe principles 

rwill burn in the open air, which furntibes the 

^quantity of oxygen neceffary for combuftioti^ 
but will not burn in clofe vcffels in which the 

4iir is not renewed. Owing to this ctrcumftance, 
my ether lamp went out foon after being light- 
ed and (hut up in the jar A, PL XII. Fig. 8. 
To remedy this defed, 1 endeavoured to bring 
atmofpheric air to the lamp by the lateral tube 
10, II, 12, 13, 14, 15, which I diftributed cir- 
cuiarly round the flame ; but the flame is fo ex-» 
ceedingly rare, that it is blown out by the gentleft 
pofiible'ilream of air, fo that I have not hitherta 
fucceeded in, burning ether. I do not, however, 
defpair of being able to accomplilh it by means* 
of fome changes I am about to have made upon 
this apparatus. 



SECT. VIL 

Of the Combuftion af Hydrogen Gas, and tbe For^^ 

mation of Water. 

In the formation of water, two fubffances^ 
hydrogen and oxygen, which are both iu the 
aeriform ftate before combuftion, are transform* 
ed into a liquid/ or water, by the operation. 

•Thi> 



/ 
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7hi8 experimeilt would be very eafy^'ind woul4 
k>nly require very (imple inflruments^' if. it were 
jpoifible to pirocure the two gafes ^erfedly pufe^ 
la th^ they might burn without any refidqum.^ 
We might, in that cafe> operate jn vgry fmall- 
TeflelSy and, by continually furniihing the two 
gafes in proper proportions, might continue the 
combuftion indefinitely. But, hitherto, chemifts* 
have only employed impure oxygen gas^ mixed 
with axotic gas ; from which circumftaiice they, 
have only been able to keep up the combuftion 
of hydrogen gas for a very limited time in clofc 
Veflels, becaufe, as the refiduunl of axotic^ gas 
is continually increafing, the air becomes at laft 
To much contaminated, that the flame weakens 
and goes out. This inconvenience is fo much the 
greater in proportion as the oxygen gas employ- 
ed is lefs pure. From this circumftaiice, we 
muft either be fatisfied with operating upon fmalL 
iquantities, or muft e^hauft the veflels at in- 
tervals, to get rid of the refiduum' of azotic 
gas ; but, in this cafe, a portion of the water 
formed during the experiment is evaporated by 
the exhauftion ; and the refulting error is the 
mote dangerous to the accuracy of the proceis^ 
that .we have iio certain means of afcertaining 
its value. 

. Thefe confiderations make me deftrous to 
repeat the principal experiments of pneumatic 
iQhemiftry with oxygen gas entirely free trom 

K 2 any 
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aby aHmiiture of azotic gas ; and this may be 
jirocured from oxygenated muriat of potafh. 
The oxygen gas extrafted from thrs fait does 
not appear to contain azot, unlefs accidentally ; 
fo that by proper precautions, it may be ob- 
tained perfeAly pure. In the mean thne, the 
apparatus employed by Mr Meufnier and me 
for the combuftion of hydrogen gas, which is 
defcribed in the experiment for recompofition 
of water, Part I. Chap. VIII. and need not there- 
fore be here repeated, will anfwer the purpofe ; 
when pure gafes are procured, this apparatus 
will require no alterations, except that the ca- 
pacity of the veffels may then be diminifhed. 
See PL IV. Fig. 5. 

The combuftion, when once begun, conti- 
nues for a confiderable time, but weakens gra- 
dually, in proportion as the quantity of azotic 
gas, remaining from the combuftion, increafes, 
till at laft the azotic gas is in fuch over propor- 
tion that the combuftion can no longer be fup- 
ported, and the flame goes out. This fponta- 
neous extindion muft be prevented, becaufe, as 
the hydrogen gas is preffed upon in its refer- 
voir, by an inch and a half of water, while the 
oxygen gas fufFers a preffure only of three lines, 
a mixture of the two would take place in the 
balloon, which would at laft be forced, by the 
fuperior preffure, into the refervoir of oxygen 
gas : Wherefore the combuftion muft be ftop-- 

ped. 
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jiied, by (hutting the ftop-co^k of die tubeW 

whenever the flame grows .very feeble ; for. which 

jjurpofe it mail be attentively watched.: J:. . > 

There is another apparatus for cocnfouition, 

« which, though we cannot with it perform expe* 

.rin^ents with the fame fcrupulous exadlnefs as 

with the preceding inftruments, gives v^ry ftri- 

king fefultjs^ that are extremely proper to im 

fliewn in courfies.of philofophical chemiilfcy..It 

confifts of a worm EF^ PI. IX.. Fig.. 5; ccAitained 

in ^. metallic copier ABCD. To the upper pavt 

of this worm £, the chimney GH is fixed, whioh 

is compofed of two tubes^ tbe^ inner of w^ch^is 

a continuation of the worm^ and the outerlorieis 

a cafe of tin-plate, which furrounds it at about 

an inch diftance, and the interval is filled up with 

fand. At the infe(ior .^tre^iity K of the inner 

tube^ a glafs-tube is fixed, to which we adapt the 

Argand lamp LM for burning alcohol, &c. 

Things being ihtts difpofed,' rad the lamp 
being filled with a determinate quantity of alco- 
hol, it is fet on fiire; the^watet^wiiiciiis foBBied 
during thexombufiion rifes in!th^ cfa^mFi6yi:Kt£, 
and being' coodenfed ii^vtbe w.qxxx^ Bins out^t 
its extremity,F,into tlie jioltlc P. Tiie:dauhle 
tube of the chimney, . fiUejd^ with &nd. m ihe io- 
terftice, is-130 prevent the *^ubc frohx cooKng in 
its upper {(art, and* ^Qi\deofing^. the wiiter ;'. q- 
tberwiiS^, it would fall back in the tube, and we 
(hould not be able to afcertain its quantity, and 

K 3 befides 
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but this method can onlj be ufed in very coii> 
fined experiments, on account of the expenceof 
procuring oxygemgas. In theeflay of ores, and 
in idl the common operations of the laboratwy, 
the calcination or oxydation of metals is ufuaUy 
performed in a diih of baked clay, PL IV. Fig. 
6. iovata<>n]y called a roajting teji, placed in a 
ftrong furnace. The fubflances to be oxydated 
are frequently ftirred, on purpofe to prefent frefh 
fiirfaces to the air. 

Whenever this operation is performed upon a 
tnetal which is pot volatile, and from which, no- 
ibing flies off into the furrounding air during the 
procefs, th^ met^^l acquires additional weight; 
but the cftufe of this increafed weight during 
oxydation could never have been difcov^r^d by 
ipe^ps of ei^perimeqts performed in free air ; 
gnd; it \^ oqly fince thefe operations have been 
perforrped in clpfe veflels, and in determinate 
quantiti^^ of air, that any juil conjed:ures h$ive 
beei) Jc^rji)ed opncerning the caufe of this pheno^ 
tnenon. The firft method for this purpofe i% due 
to ;£tr Prieftley, who expofes the metal to be cal- 
cined in a porcelain cup N, PI. IV. Fig. 1 1 . pla- 
ced upon the ftand IK, under a jar A, in the 
bafon BCD£, full. of water ; the ws^ter is made 
to rife up to GH, by Tucking out the air with a 
(yphon, and the focus of aburning-glafsis made 
to fall uppn the metal. . In ^ few minutes the 

... oxydation 
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tkxydation takes places, a part of the oxygen con* 
Xained in the air combines with the metal, and a 
{proportional diminution of the volume of air is 
produced ; what remains is nothing more than 
-azotic gas, iltll however mixed with a fmail quan- 
tity of oxygen gas. I have given an account of a 
feries of experiments made with this apparatus in 
my Phyfical and Chemical Eflays, firft publilhed 
in 1 773. Mercury may be ufed inftead of water 
in this experiment, whereby the refults are ren«- 
jdered flill more concluiive. 

Another procefs for this purpofe was invented 
by Mr Boyle, and of which I gave an account 
ixii the Meiiioirs of the Academy for 17749 
pw 351. The metal is introduced into a retor(^ 
PI. III. Eig. zo. the beak of which is hermetic- 
cally fealed ; the metal is then oxydated by 
nieans of heat applied with great precaution. 
' The weight of the veflely.and its contained fub- 
.jiances, is not at all changed by this procefs, 
until the extremity of the neck of the retort is 
broken ; but, when that is done, the external 
air rulhes in with a hifiing noife. This opera-r 
tion is attended with danger, unlels a part of 
the air i$ driven out of the retort, by means of 
heat, before it is hermetically fealed, as other^* 
wife the retort would be apt to burft by the di-» 
lation of the air when placed in the furnace. 
The quantity of air driven out may be received 
under a jar in the pneumato-cheoiical apparar- 

tus. 



f54 ELEME»3PS v/ 

tos^ by wfaicii its quantity, actd that of. At air 
jgremaiBing in the retort, 19 aicerUiiied. I hwp 
jiot multiplied my experimentss upoo jo^ydatia^ 
^[yf metals fo much as I could have wiibed; oei- 
^er have I obtained fatisfadory refults with any 
iiietal except tin. }t is much to be wi&ed tfaa| 
feme perfon would undertake a ierieis of experi- 
ments upon the oxydation of metals in the feve- 
Til gales ; the fubje<3 is important^ and would 
^iiy r^>ay any trouble which this kind of ea^pe- 
riment might occafion; 

As all the oxyds of mercury are capable of 
Irtvivifying without addition, and reftore the 
D3tygen gas they had before abforbed, this 
ieemed to be the mod proper metal for becGt- 
fning the fubjed of conclufive expepmeats wp» 
Wk oxydation. I formerly endeavoured to ao- 
Com^Ufh the oxydation of roprcury in clofe vefr 
fells, by filling a retort, containing a fmall quank 
tity of mercury, with oxygen ^as, and. adapting 
ai bladder half foil of the fame gas to its beak ; 
See Pi. IV. Fig. 12. Afterwards, by beating 

the percury in the retort for a very long time, 

» 

Ifucc^eded in oxydating a very fmaU portion^ 
fo as to form a little red oxyd floating upon the 
Airface of themmning mercury ; but the quan« 
til^-was fo fmall, that the fmalleft error com* 
xnitted in the determination of the quantities of 
iBLygcn gas before and after the operation, muft 
|h&ve thrown very ^eat uncertainty upon the 

refults 
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fbefults of the experiment. I was, befides, di£* 
Tatisfied wkh this procefs, and not without caufe^ 
Left any ^if might have efcaped thvou-gb the porei 
Df the bladder, tnore efpecially asr it becomes fbti^ 
relied by the heat of the furnace, nnlefs coveried 
yvex with cloths kept conftantly wet. 

This experitttent is performed with more «etw 
tainty in the- apparatus defcribed in the Me-i 
[tioirs of the Academy for 1775, p, 58b. This 
ponfifls of ^ retort, A, PL IV, Fig. 2. having a 
crooked glafs-tube BCDE often or twelve lines 
internal diameter, melted on to its beak, and 
which is engaged under the befl-glafs FG, 
ftandipg with its mouth downwards, in a bafon 
£lled with water or mercury.. The retort is 
placed upon the bars of the. furnace MMNN, 
^L ly. Fig. 2. or in a iand-bath, and by means 
of this apparatus we may, in the courfe of feve- 
nd days, oxydate a fmall quantity of mercury in 
common air ; the red oxyd floats upon the fur- 
face, from which it may be collefted and revived, 
fo as to compare the quantity of oxygen gas ob» 
tained in revivification with the abforption which 
took place during oxydation. This kind of expe- 
riment can only be performed upon a fmall fcale, 
fo that no very certain conclufions can be drawn 
from it *. 

The 

t See aa accooAt ai this cxperimeot, fart L Cl^p. iii* 
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.. The combuftion of^ iron in oxygea gas being 
9 Uue oxydation of that metal, ought to be 
meotioned in this place. The apparatus em- 
ployed by Mr Ingenhouf^^ for this operation is 
teprefented in PL IV. Fig. 17. ; but, having al- 
ready defcribed it fufEciently inChap. III.^ I 
IhaU refer the reader to what is faid of it in that 
place. : Iron may likewife be oxydated by com- 
bfuftion. in vefiels filled with oxygen gas, in the 
way .already diredled for phofphorus and phar- 
€oal# ; This apparatus is reprefented PL IV 
Fjig. 3* and defcribed in the fifth chapter of th 
firfl; part of this work. We learn from Mr In 
genboufz, that all the metals, except gold, ill 
ver, and mercury, may be burnt or oxydated i 
the/fame manner, by reducing them into very^ 
j^ae wire, or very thin plates cut into narrow^ 
flips; thefe are twilled round with iron-wire^ 
which communicates the property of burning toi 
the other metals. 

Mercury is even difficultly oxydated in free; 
air. In chemical laboratories, this procefs. is 
ufually carried on in a matrafs A, PL IV. Fig. ip* 
baying a very flat body, and a very long neck 
J^Cj which veflTel is commonly called J^oyUs 
kelL A quantity of mercury is introduced fuf- 
ficient to cover the bottom, and it is placed ia 
a fand-bath, which keeps up a conftant heat 
approaching to that of boiling mercury. By 
continuing thi^ operation with five or£x fioii- 
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nar matrafles during fcvcral months, and renew* 
ing the mercury from time to time, a few oun- 
ces of red oxyd are at lafk obtained. The great 
flownefs and inconvenience of this apparatus ^ 
rifes from the air not being fufficiently renewed ; 
but if, on the other hand, too free a circulation 
were given to the external air, it would carry off 
the mercury in folution in the ftate of vapour, 
fo that in a few days none would remain in the 
veffel. 

As, of all the experiments upon the oxydation 
of metals, thofe with mercury are the mod con- 
clufive, it were much to be wilhed that a fimple 
apparatus could be contrived by which this oxy- 
dation and its refults might be demonftrated in 
public courfes of chemiftry. This might, in my 
opinion, be accomplifhed by methods limilar to 
thofe I have already defcribed for the combuftion 
of charcoal and the oils ; but, owing to other 
purfuits, I have not been able hitherto to refume 
this kind of experiment. 

The oxyd of mercury reviires without addi- 
tion, by being heated to a (lightly red heat. In 
this degree of temperature, oxygen has greater ., 
affinity to caloric than to mercury, and forms 
oxygen gas. This is always mixed with a fmall 
portion of azotic gas, which indicates that the 
mercury abforbs a fmall portion of this latter 
gas during oxydation. It almoft always con- 
lains a little carbonic acid gas, which muft un- 
doubtedly 
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40$i^edly be attributed to the fbulnefles of tM 
Ois^jyd ; thefe are charred by the heat, and con« 
Ifevta part. of the oxygen gas into carbonic a- 

.If chemifls VQfe. reduced to the neceffity of 
procuring all the oxygen gas, employed in theit 
experimeiltsi from mercury oxydated by heat 
urithout addition^ br^ as it is called^ cAkined or 
precipitated per fe, the exceffiv^ dearnefs of that 
preparation would render experiments^ even up- 
on a moderate fcale^ quite impracticable. But 

• 

mercury may likewife be oxydated by means of 
nitric acid ; and in this way we procure a red 
oxyd, even more pure than that produced by 
calcination. I have fometimes prepared this 
pxyd by diflblving mercury in nitric acid^ eva-^ 
porating to drynefs^ and calcining the falt^ ei« 
tfaer in a retort, or in capfules formed of pieces 
of broken matralTes and retorts, in the manner 
formerly defcribed ; but I have never fuqceed*^ 
ed in making it equally beautiful with what is 
fold by the druggj^s, and which is^ I believe^ 
brought from Holland. In choofing this, Wi$ 
ought to prefer what is in folid lumps^ ownpd- 
fed of foft adhering fcales, as when in powde^ 
it . is fometimes adulterated with red oxyd of 
lead. 

To obtain oxygen gas from the rdd oxyd oi 
mercury, I ufually employ a porcelain-retort^ 
haying a long glafs-tube adapted (o its be^ 

which 
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Wblch 18 engaged under jars in the water pnea^* 
xnato-chemical apparatus ; and I pla e a bottle 
in the water, at the end of the tube, for recei- 
ving the mercury, in proportion as it revives and 
difttlis oven As the oxygen gas never appears 
till the retort becomes red, it leems to prove the 
principle eftabliftied by Mr Berthollct, that an 
obfcure heat can never form oxygen gas, and that 
light is one of its conftituent elements. We 
muft rejeft the firft portion of gas which comes 
over, as being mixed with common air, from 
what was contained in the retort at the begin- 
ning of the experiment ; but, even with this pre- 
caution, the oxygen gas procured is ufually con- 
taminated with a tenth part of azotic gas, and 
with a very (mall portion of carbonic acid gas. 
This latter is readily got rid of, by making the 
gas pafs through a folution of cauftic alkali, but 
we know of no method for feparating the azotic 
gas ; its proportions may however be afcertained^ 
by leaving a known quantity of the oxygen gas 
contaminated with it for a fortnight, in contaft 
-with fulphuret of foda or potafti, which abforbs 
the oxygen gas, and converts the fulphur into 
fulphuric acid, leaving the azotic gas pure. 

We may likewife procure oxygen gas from 
black oxyd of manganefe, or from nitrat of pot- 
alb, by expofing them to a red heat, in the appa- 
ratus already defcribed for operating upon red 
oxyd of mercury ; only, as it requires fuch a 

heat 
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lieat as is at leaft capable of foftening glafs, we 
mud employ retorts of (tone or of porcelain, fiut 
the purefl: and belt oxygen gas is what is difen* 
gaged from oxygenated muriat of potaih by fim« 
pie heat. This operation is performed in a glafs-> 
retort, and the gas obtained is perfedly pure^ 
provided that the firft portions, which are mixed 
With the common air of the veflels, be rejeded. 
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C H A P. IX. 

I 

Of Deflagration. 

IK/iVE already ftiewn, Part L Chapter" IX. 
that oxygen does not always part with the 
"whole of the caloric it contained in the ftate of 
gaSy wheti it enters into combination with other 
bodies. It carries almoft the whole of its caloric 
along with it on entering into the combinations 
which form nitric acid and oxygenated muriatic 
•acid ; fo that in nitrats, and more efpeciallly in 
oxygenated muriats, the oxygen is, in a certain 
degree, in the ftate of oxygen gas, condenfed, 
and reduced to the fmalleft volume it is capable 
of occupying. 

In thefe combinations, the caloric exerts a 
Gonftant adtion upon the oxygen, to bring it 
't>ack to the ftate of gas ; hence the oxygen ad- 
heres but very flightJy, and the fmalleft addi- 
tional force is capable of fetting it free ; and, 
when fuch force is applied, it often recovers the 
ftate of gas inftantaneoufly. This rapid paflage 
from the folid to the aeriform ftate is called de- 
. tonation, or fulmination, becaufe it is ufually 
k accompanied with noife and explofion. Defla- 
Hgrations are commonly produced by means of 
Bbombinations of charcoal, either with nitre or 
H^ Vol. II, L with 

I 
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with oxygenated muriat of potafh ; fometimes, ta 
af&ft the inflammation, fulphur is added ; and^ 
upon the juil proportion of tbefe ingredients, and 
the proper manipulation of the mixture, the art 
of making gun-powder depends. 

As oxygen is changed by deflagration with 
charcoal, into carbonic acid, inllead of oxygen 
gas,^' carbonic acid gas is difengaged, at lead 
when the mixture has been made in jufl: propor- 
tions. In deflagration with nitre, azotic gas is 
likewife difengaged, becaufe azot is one of the 
conftituent elements of nitric acid. 

The fuddea and inilantsmeous difengag^meot 
and expanfion of thefe gafes is not, however, 
fufEcient for explaining all the phenomena of de- 
flagration ; becaufe, if this were the fole apera<- 
ting powder, gun- powder would always- be fo 
much the (Ironger in proportion as the quantity 
of gas difengaged in a given time was the more 
confiderable, which does not always accord with 
experiment. I have tried fome kinds which 
produced almod double the eflfeft of ordinary 
gun- powder, although they gave out a fixth part 
ler> of gas during deflagration. It would appear 
that the quantity of caloric difengaged at the 
moment of detonation contributes confiderably 
to the expanfive eflfeds produced ; for, although 
caloric penetrates freely through the pores of 
every body in nature, it can only do fo progref* 
fively, and in a given time : hence^ when the 

quantity 
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qu&nlity difengaged at once is too large to get 
through the pores of the furrdunding bodies, it 
muft neceffarily ajSl in the fame way with ordi- 
nary elaftic fluids, and muft overturn every thing 
that oppofes" its paflTage. This muft, at leaft in 
part,- take place when gun-powder is fet on fire 
in a cannon ; as, although the nietal is permeable 
to calorie, the quantity difengaged at once is 
too large to find its way through the pores of 
the metal ; it muft therefore make an eflfort to 
efcape on every fide ; and, as the refiftance all 
around, excepting towards the muzzle, is too 
great to be overcome, this effort is neceflarily 
employed for expelling the bullet. 

The caloric produces a fecond effe<5, by 
means of the repulfive force exerted between 
its particles ; it caufes the gafes^ difengaged at 
the moment of deflagration, to expand with a 
degree of force proportioned to the temperature 
produced. 

It is very probable^ that water is^ecpmpofed 
during the deflagration of gun- powder, and tha^t 
part of the oxygen furniftied to the nafcent car-» 
bonic acid gas is produced from it/ If fo^ a 
^eCnfiderable quantity of hydrogen gas muft be 
difengaged in the inftant of deflagration, which 
icxpands, and contributes to the force of the ex* 
plofion. It may readily be conceived how great- 
ly this circumftance niuft increafe the effedt of 
powder, if we confider that a pin^ of hydrogen 

L 2 gas 
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gas ' weighs onlj one grain and two^tbirdft ; 
kence a very fmall quantity in weight rnnft oc* 
copy a very large fpace, and it muft ex.ert m 
prodigious expanfive force in paffing from the 
liquid to the aeriform date of exiftence. 

In the laft place, as a portion of ondecom* 
pofed water is reduced to vapour during the 
deflagration of gun-powder, and as water, in 
the ftate of • gas, occupies feventeen or eighteen 
hundred times more fpace than in its liquid ftate^ 
this circumftance muft like wife contribute large- 
ly to the explofive force of the powder. 

I have already made a confiderable feri^s bf 
experiments upon the nature of the elaftic fluids 
difengaged during the deflagration of nitre with 
charcoal and fulphur, and have made fome, 
likewife, with the oxygenated muriat of potaih. 
This method of inveftigation leads to tolerably 
accurate conclufions with refjped to the confti* 
tuent elements of thefe falts. Some of the prin- 
cipal refults of thefe experiments, and of the 
confequences drawn from them refpeding the 
analyfis of nitric acid, are reported in the col- 
leftion of Memoirs prefented to the Academy 
by foreign philofophers, vol. xi, p. 625. Since 
then I have procured more convenient inftru- 
ments, and I intend to repeat thefe experiments 
upon a larger fcale, by which 1 Ihall procure 
more accurate precifion in their refults ; the fol- 
lowing, however^ is the procefs I have bithertQ 

^ . employed. 
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M^ploj^ed* I would very earneftly advife fuch 
9$ intend to repeat fome of thefe experiments, 
t€r\)9 very much upon their guard in operating 
u{)on any mixture which contains nitre, char- 
coal and fulphur, and naore efpecially with thofe 
ia which oxygenated muriat of potafh is mixed 
With thefe two materials, 

. I make ufc of piftol barrels, about fix inches 
ktfig; and of $ve or fix lines diameter, having 
the touch-hole fpiked jap with an iron«*nail 
ftrongly driven in, and broken in the hole, and 
a little tinrfiiuth^s folder run in to prevent any 
poflible ifiue for the air. Thefe are charged 
S^ith a mixture of known quantities of nitre and 
charcoal, or any other mixture capable of de- 
fl^gtation, reduced tq an impalpable powder, 
and formed into a pafte with a. moderate quan- 
tity of water. £very portion of the materials 
tntroduqed Oi.uft be rammed down with a ram- 
mer nearly of the fao^e caliber with the barrel, 
four or five lines at the muzzle mufl be left 
fimpty^ and about two inches of quick match 
dr/e added at the end of the charge. The only 
d^culty irn dns exper.ii;Qent, eipecially when ful-* 
phur is contained in the jnixture, is to difcoyer 
the proper degree of moiftening ; for, if the 
pa&e be too much w^ted, it will not take fire^ 
and if {00 dry, the deflagration is apt to become 
too rapid, and even dangerous. 

ti 3 Whea 
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When the experiment is opt intended to be 
rigoroufly.exad, we fet fire to the match/ and; 
when it is juft about to communicate with the 
charge, we plunge the pifltol below a large bell- 

glafs full of water, in the pneumato-cliemical 

> 

apparatus. The deflagration begins, and conti- 
nues in the water, and gas is difengaged with 
lefs or more rapidity, in proportion as the mix- 
ture is more or lefs dry. So long as the defla- 
gration continues, the muzzle of the piftol mull 
be kept fomewhat inclined downwards, to pre- 
vent the water from getting into its barrel. In 
this manner 1 have fometimes colledled the gas 
produced from the deflagration of an ounce and 
half, or two ounces, of nitre. 

In this manner of operating, it is impoffible to 
determihe'the quantity of carbonic acid gas dif- 
engaged, becaufe a part of it is abforbed by the 
water while pafling through it ; but, when the 
carbonic acid is abforbed, the azotic gas re- 
mains ; and, if it be agitated for a few minutes 
in cauftic alkaline folution, we obtain it pure, 
and can eafily determine its volume and weight. 
We may even, in this way, acquire a tolerably 
exad knowledge of the quantity of carbonic 
acid by repeating the experiment a great many 
times, and varying the proportions of charcoal, 
till we find the exadt quantity requifite to defla- 
grate the whole nitre employed. Hence,- by 
'pieatis of the weight of charcoal employed, we 

4etermi()Q 
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:^etermine the weight of oxygen neceflary for 
Saturation, and deduce the quantity of oxygen 
eontained in a given weight of nitre, . 

I have ufed another procefs, by which the 
xefults of this experimejit are confiderably more 
.accurate, which confifts in receiving the difen- 
-^aged gafes in beil-glalTes filled with mercury. 
The mercurial apparatus I employ is large 
•enough to contain jars of from twelve to fifteen 
4^int$ in capacity, which Ire not very, readily 
managed when full of mercury, and even re- 
quire to be filled by a particular method. When 
the jar is placed in the cittern of mercury, a 
iglafs-fyphon is introduced, connefted with a 
Xmall air-pump, by means of which the air is 
cxhaqiled, and the mercury rifes fo as to fill the 
jar. After this, the ^as of the deflagration is 
made to pafs into the jar in the fame manner as 
ilirec^ed when water is employed. 

I muft again repeat, that this fpecies of ex- 
periment requires to be performed with the 
greateft poffibte precautions. I have fometimes 
feen, when the difengagement of gas proceeded 
with too great rapidity, jars filled with' more than 
:an hundred and fifty pounds of mercury driven 
off by the force of the explofion, and broken to 
pieces, while the mercury was fcattered about 
in great quantities. 

When the experiment has fucceeded, and the 
^s^s is coUeded under the jar, its quantity in 

L 4 general. 
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jgenttftl, and the nature aild quantities of the fe-^ 
Tetal fpecie8 of gafes of which the miixture is 
compofed, are accurately afderti^ined by the me^ 
tli^ds already pointed out iii the feoond clfapter 
of this part of my v^ork. I ha^e been prevent- 
ed from putting the laft hand to the elperi- 
inents I bad begun upon deflagration, from thei)r 
coniie(^ion with the objedls I am at prefent en- 
gaged in ; and I ani in hopes they will throw 
qonfiderable light ii()(in the operations belong* 
ing to the manijfa^re of guq* powder. 
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« CHAP* X* 

^^ the Injlrumcnts necejfary for Operating upM 
Bodies in very bigb Temperatures. 



S E C T. I, 

Ofi'ujtott, 

... • ' ' 

W£ have already feen, that by aqueous fo^ 
lution, in which the particles of bodies 
are feparated from each other, neither the fol- 
vent nor the body held in folution are at all de- 
compofed ; £0 th^t, whenever the caufe of re- 
paration ce^es, the particles reunite, and the (a- 
line fubftaoce recovers pr^cifely the fanae appear- 
ance and properties it pofieifed before fplution. 
Real folutions ar^ produced by fircf or by in- 
troducing and accumulating a great quantity of 
caloric between the particles 43f bodies ; ai:id this 
fpecies of folution in caloric is ufually called /i^ 
Jlon. 

This operation is ^mmonly perfpcm^ed in 
Veflfels called crucibles, wliich muft neceflarily 

be 
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te lefs fufible than the bodies they are intended 
to contain. Hence, in. all- ages, chemifts have 
b^en extremely folicitous to procure crucibles 
of very refradory materials, or fuch as are ca- 
pable of refitting a very high degree of heat. 
The beft ar^ mad^. of very pur^ elay pr of por- 
celain earth ; whereas Jucti as are made of clay 
mixed with calcareous or filiceous earth are very 
fufible. AH the crucibles made in the neigh- 
bourhood of Paris are of this kind, and are con- 
fequently unfit for moft chemical experiments. 
The Heflian crucibles are tolerably good ; but 
the beft are made of Limoges earth, which 
feems abfolutely infufibl^. We have, in France, 
a great many clays very fit for making cruci- 
bles ; fuch, for inftance, is the kind ufed for ma- 
king melting-pots at the glafs manufaSory of St 
'Gobin. 

Crucibles are made of various forms, accord- 
irig to the operations they are intended to per- 
fbrm. Several of the moft common kinds are 
rcprefented PI. VII. Fig. 7, 8, 9, and 10. ; the 
one . reprefented at Fig. ^. is almoft ftiut at its 
mouth. 

Though fufion may often take place without 

changing the nature of the fufed body, this ope- 

' ration is frequently employed as a chemical means 

-of decompoiing and recompounding bodies. In 

this way all the metals are extradled from their 

.ores; and, by this f>r6cefs, they are revived, 

• ^ ' moulded^ 
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moulded, and alloyed with each other. By thi^ 
procefs fand and alkali are combined to form 
glafs, and by it likewife paftes, or coloured ftonc$,. 
enamels, &c. are formed. 

The adlion of violent fire was much more fre- 

quently employed by the ancient chemifts than 

it is in modern experiments. Since greater pre- 

cifion has been employed in philofophical re- 

Cearches, the humid has been preferred to the 

4dry method of procefs, and fufion is feldom had 

Tecourfe to until all the other means of analyfi^ 

liave failed. 



SECT. II. 



Of Furnaces. 



Thefe are inftruraents of mod univerfal ufe 
in chemiftry ; and, as the fuccefs of a great 
number of experiments depends upon theij be- 
ing well or ill conftruded, it is of great import- 
ance that a laboratory be well provided in this 
^efpedl. A furnace is a kind of hollow cylindri-^ 
cal tower, fometimes, widened above, PI. XI II, 
JFig. I. ABCD, which muft have at lead two 
lateral openings ; one in its upper part F, which 
}s the door of the fire-pl^ce, and one below, G, 

leading 
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Ifadin; to the afh-hole. Between the& tht fur«! 
nace is dtirided by a homontal grate intended 
for fopportiag the fuel, the-fituation of which 
is marked in the figure by the line HI. Though 
this be the leaft complicated of dl the chemical 
furnaces, yet it is applicable to a great number 
of purpofes. By it lead, tin, bifmutfa, and^ in 
geneiral, every fubftance which does not require 
^^tty ftrong* fire, may be melted in crucibles ; 
it Wilfl ferve for metallic oxydations, for evapp^ 
ratory veffels, ^nd for fand-baths^ as in PL Hi; 
Fig. I. and 2. To render it proper for thefe 
purpofes, feveral notches, mmmm^ PL XIII. 
Fig I. are made in its upper edge, as other wife 
any part which might be placed over the fire 
would flop the pafiage of the air, and prevent 
the fuel from burning. This furnace can only 
produce a moderate deg^^e of heat, becaufe the 
quantity of charcoal it is capable of confumiqg 
is limited by the quantity of air which is allow- 
C(f to pafs through the opening G of the alh- 
ftole. Its power might be cpnfiderably aug- 
mented by enlarging this opening, but then thi^ 
great fteam of air which is convenient for (bme 
bperations might be hurtful in others; there- 
fore we muft have furnaces of different larm^$> 
conftrufted for different purpofes, in dlrr iab<^ 
ifatories : There ought efpccially to be ieverai 
pf the kind now defcribefl of different fixes* 

' "' '■ • - ^ ^ ■ ' ' The 
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The revcrberatory furnace, PL XIIL Tig. a. 
is perhaps more neceflary. This, like the com*- 
mon furnace, istompofed of the a(h-hole HIKL^ 
the fire-place, KLMN, the laboratory, MNOP, 
and the dome RRSS, with its funnel or chim.* 
ney TT W ; and to this laft fcveral additioasA 
tubes may be adapted, according to the nature 
of the different experiments. The retort A is 
placed xti the divifion called the laboratory, and 
k fupported by two bars of iron which run 
acrofs the furnace, and its beak comes out at a 
round hole in the fide of the furnace, one-half 
of which is cut in the piece called the labora* 
tory, and the other in the dome, in moft of 
the ready made reverberatory furnaces whick 
are Ibid by the potters at Paris, the opening^ 
both above and below are too fmall : Tbeie dd 
not allow a fufficient volume of air topaft 
through ; hence, as the quantity of Charcot 
oonfumed, or> what is much the fame tbin^ 
the quantity of caloric difengaged, is nearly iii 
proportion to the quantity of air which pai£% 
through the furnace, thefe furnaces :do not 
produce a fufficient ci2edt in a great number of 
experiments. To remedy this defect, tliere 
ought to be two o|)enings GG to the afh*hole ; 
^ne of thefe is fliut up when only a moderate 
<fire is required ; and both are kept open when 
the ftrongeft power of the furnace is to be 
exerted. The opening of the dome SS ought 

likewife 
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likewife to be confiderably larger than it ia tifa- 
ally made. 

It is of great importance not to employ re* 
torts of too large fize in proportion to the fur*- 
nace^ as a fufficient fpace ought always to be ak 
lowed for the paflage of the air between the 
fides of the furnace and the veffei. The retort 
A in the figure is too fmall for the fize of the 
furnace, yet I find it more eafy to point out the 
^rror than to corred it. The intention of the 
dome is to oblige the flame and heat to furround 
and flrike back or reverberate upon every part 
of the retort, whence the furnace gets the name 
t)f reverberatory. Without this circumfi:ance 
the retort would only be heated in its bottom^ 
the vapours raifed from the continued fubftance 
Avould condenfe in the upper part, and a conti- 
nual cohobation would take place without any 
thing pafling over into the receiver ; but, by 
means of this dome, the retort is equally heated 
in every part, and the vapours being forced outj 
can only condenfe in the neck of the retort, or 
in the recipient. 

To prevent the bottomof the retort from be- 
in^ either heated or cooled too fuddenly, it is 
fometimes placed in a fmall fand bath of baked 
clay, ftanding upon the crofs bars of the fur*^ 
nace. Likewife, in many operations the retorts 
are coated over with lutes, fome of which are in- 
tended to preferve them from the too fuddea 

influence 



OF CHEMISTRY. tj^ 

iiifluence of heat or of cold, while others are for 
iuftaining the glafs, or forming a kind of fecond 
retort', which fupports the glafs one during ope- 
rations wherein the ftrength of the fire might 
foften it. The former is made of brick-clay 
'with at little cows hair beat up along with it, 
into a pafte or mortar, and fpread over the glafs 
or ftone retorts. The latter is made of pure 
olay and pounded ftone-ware mixed together, 
»nd ufed in the fame manner. This dries and 
liardens by the fire, fo as to form a true fupple- 
wientary retort capable of retaining the materials, 
if the glafs-retort below fliould crack or fofteix 
But, in experiments which are intended for col- 
le<Sting gafes, this lute, being porous, is of no 
manner, of ufe. 

In a great many experiments, wherein very 
violent fire is not. required, the revierberatory 
furnace may be ufed as a melting one, by lea* 
ving out the piece called the laboratory, and 
placing the dome immediately upon the fire- 
place, as reprefented PL Xlll. 'Fig. 3. The 
furnace reprefented in Fig. 4. is very convenient 
for fufions ; it is compofed of the fire-place and 
afli-hole ABD, without a door, and having a 
hole E, which receives the muzzle of a pair of 
bellows ftrongly luted on, and the dome ABGH, 
which ought to be rather lower than is repre- 
fented in the figure. This furnace is not ca- 
pable of producing a y^ry jftrong heat, but i$ 

fufficient 
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fttfficient for ordinary operations, and may be 
readily moved to any part of the laboratory 
where it is wanted* Though thefe particular 
fiirnaces are very convenient, every laboratory 
tnuft be provided with a forge- furnace, having 
a good pair of bellows, or what is more necef- 
fary, a powerful melting furnace. I fliall de- 
fcribe the one I ufe, with the principles upon 
which it is conftrufted. 

The air circulates in a furnace in confeqnence 
of being heated in its paffage through the burn- 
ing coals ; it dilates, and, becoming lighter than 
the furrounding air, is forced to rife upwards 
by the preffure of the lateral columns of air, 
and is replaced by frefh air from all fides, efpe- 
cially from below. This circulation of air even 
takes place when coals^are burnt in a common 
chafing- di(h j but we can readily conceive, 
that, in a furnace open on all fides, the mafs of 
•air which pafies, all other circumftances being 
equal, cannot be fo great as when it is obliged 
to pafs through a furnace in the fhape of a hol- 
low tower, like moft of the chemical furnaces, 
and confequently that the combuftion muft be 
more rapid in a furnace of this latter conftruc- 
tion. Suppofc, for inftance, the furnace ABCDEF 
(Fig. 5.) open above, and filled with burning 
coals, the force with which the air paiTes through 
the coals will be in proportion to the difference 
between the fpecific gravity of two columng 

equal 
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iKqual to AC, the one of cold air without, and 
the other of heated air within the furnace. 
There muft be fome heated air above the open- 
iiig AB, and the fuperior levity of this ought 
likewife to be taken into confideration ; but, as 
tihis portion is continually cooled and carried 
oflf by the external air, it cannot produce any 
great eflfed. 

But, if we add to this furnace a large hollow 
tube GHAB of the fame diameter, which pre- 
ierves the air which has been heated by the 
l>urning coals from being cooled and difperfed 
l>y the furrounding air, the difference of fpecific 
gravity which caufes the circulation will then be 
between two columns equal to GC. Hence, if 
GC be three times the length of AC, the' cir- 
culation will have treble force. This is upon 
' the -fuppofition that the air in GHCD is as 
much heated as what is contained in ABCD, 
which is not ftridly the cafe, becaufe the heat 
mull decreafe between AB and GH ; but, as 
the air in GHAB is much warmer than the ex- 
ternal air, it follows, that the addition of the 
tube mufl increafe the rapidity of the ftream of 
air, that a larger quantity muft pafs through 
the coals, and confeqwently that a greater de- 
gree of combuftion muft take place. 

We muft not, however, conclude from thefe 
principles, that the length of this tube ought to 
be indefinitely prolonged ; for, fince the heat of 
' M the 
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the air gradually diminifhes in pafling from AB^ 
to GH, even from the contaft of the fides of the 
tube, if the tube were prolonged to a certain 
degree, we would at laft come to a point where 
the fpecific gravity of the included air would be 
equal to the air without ; and, in this cafe, as 
the cool air would no longer tend to rife up- 
wards, it would become a gravitating mafs, re- 
fitting the afcenfion of the air below. Befides^ 
as this air, which has ferved for combuftion, i$ 
neceflarily mixed with carbonic acid gas, which 
is confiderably heavier than common air, if th^ 
tube were made long enough, the air might at 
lad approach fo near to the temperature of thQ 
external air, as even to gravitate downwards ; 
hence we mull conclude, that the length of tha 

f 

tube added to a furnace mud have fome limits 
beyond which it weakens, inftead of ftrengthen«» 
ing, the force of the fire. 

From thefe refledions it follows, that the firft 
foot of tube added to a furnace produces mor^ 
effed than the iixth, and the fixth more thaq 
the tenth ; but we have no data to afcertain a$ 
what height we ought to flop. This limit of 
ufeful addition is fo much the farther in propor* 
tion as the materials of the tube are weaker con- 
dudlors of heat, becaufe the air will thereby be 
fo much lefs cooled ; hence baked earth is 
much preferable to plate iron. It would be 
even of confequence to make the tube double^ and 
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to fill the interval with rammed charcoal, which 
is one of the word known conductors of heat ; 
by this the refrigeration of the air will be retard- 
ed, and the rapidity of the ftrcam of air confc* 
quently increafed ; and, by this means, the tube 
may be made fo much the longer, 

-As the fire-place is the .hotted part of a fur- 
nace, and the part where the air is moil dilated 
in its paiTage, this part ought to be made with a 
cocifideraWe widening or belly. This is the 
more neceffary, as it is intended to contain the 
ch^arcoal and crucible, as well as for the paffage 
of the air which fupports, or rather produces 
^He combuftion ; hence we only allow the inters 
ftices between the coals for the paffage of the 
air. 

From thefc principles my melting furnace is 
conftruded, which I believe is at leaft equal in 
power to any hitherto made, though I by no 
means pretend that it polfeffes the greateft pof- 
fible intenHty that can be produced in chemical 
furnaces. The augmentation of the volume of 
air produced during its paffage through a melt- 
ing furnace not being hitherto afcertained from 
experiment, we are ftili unacquainted with the 
proportions which ftiould exift between the in- 
ferior and fuperior apertures, and the abfolutc 
fize of which thefe openings (bould be made is 
ftiil lefs underllood; hence data arc wanting 
k3^ -which to proceed upon principle, and we 

M 2 can 
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can only accomplifli the end in view by r< 
ed trials. 

This furnace, which, according to tb.e a 
ftated rules, is in form of an elliptical fphi 
is reprefented PL XIII. Fig. 6. ABCD j it 
off at the two ends by two plains, whic- 
perpendicular to the axis, through th( 
the ellipfe. From this Ihape it is c:* 
contaiping a conliderable quantity o^" 
while it leaves fufficient fpace in t- 
for the paffage of the air. Thir 
may oppofe the free accefs of ex 
perfeftly open below, after thr 
IVJacquer^s melting furnace, ar; 
ifon tripod. The grate is mr 
on edge, and with confidcrah- 
the upper part is added a c 
baked earth, ABFG, aboii* 
and alipofl half the diar 
Though this furnace p? 
than any hitherto emp^ 
ilill fufceptible of bei- 
in power by the mec 
principal of which ; 
a condudlor of he 
double, and filli:: 
charcoal. 

When it is r 
any mixture c 
ftrong fire in 
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are called cuppels. The lead is oxydated, be* 
comes vitrified, and finks into the fubfl:ance of 
the cuppel, while the gold or filver, being in- 
capable of oxydation, remain pure. As lead 
will not oxydate without free accefs of air, this 
operation cannot be performed in a crucible 
placed in the middle of the burning coals of a 
furnace, becaufe the internal air, being moftly 
already reduced by the combuftion into azotic 
and carbonic acid gas, is no longer fit for the 
oxydation of metals. It was therefore neceflary 
to contrive a particular apparatus, in which the 
tttetal fhould be at the fame time expofed to the 
^influence of violent heat, and defended from con-* 
\^&. with air rendered incombuftible by its paf- 
^ge through burning coals. 

The furnace intended for anfwering this dou-* 
l>Ie purpofe is called the cuppelling or effay fur* 
Jiace. It is ufually made of a fquare form, as 
I'eprefented PL XIIL Fig. 8. and lo. having an 
- afh-hde AABB, a fire-place BBCC, a laboratory 
.CCDD, and a dome DDEE. The muffle or 
fmall oven of baked earth GH, Fig. 9. being 
placed in the laboratory of the furnace upon 
crofs bars of iron, is adjufted to the opening GG, 
and luted with clay foftened in water. The cup- 
pels are placed in this oven or muffle, and char- 
ooal is conveyed into the furnace through the 
openings of the dome and fire-place. The ex- 
^ttnal air enters through the openings of the afh- 

M 3 hole 
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hole for fupporting the combuftion, and efcapes 
by the fuperior opening or chimney at EE ; and 
air is admitted through the door of the muf- 
fle GG for oxydating the contained metaL 

Very little refledron is fufficient to difcover 
the erroneous principles upon which this fur- 
nace is conftrucled. When the opening GG ia 
Ihut, the oxydation is produced flowly, and wit 
difficulty, for want of air to carry it on ; and 
when this hole is open, the dream of cold ai: 
which is then admitted fixes the metal, and o 
ftrucls the procefs, Thefe inconveniences ma_ ^j 
be eafily remedied^ by conilruding the ipuflS^He 
and furnace in fuch a manner that a ilream c=Df 
frefti external air fhould always play upon t 
furface of the metal, and this air ihouid 
made to pafs through a pipe of clay kept 
tinually red hot by the fire of the furnace. B- J 
this means the infide of the muffle will never 
cooled, and proceiTes will be finifhed in a fe 
minutes, which at prefent require a confiderab 
fpace of time. 

Mr Sage remedies thefe inconveniences in ^ 
different manner j he places the cuppel contain^- 
ing lead, alloyed with gold or filvcr, among: ^ 
the charcoal of an ordinary furnace, and cove^** 
ed by a fmall porcelain muffle ; when the wholBic 
is fufficiently heated, he direfts the blaft of * 
common pair of. hand-bellows upon the furfac^^^ 
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of the metal^ and completes the cuppellation in 
this way with great eafe and cxadlnefs. 



SECT. III. 

Of increqfing the ASlion of Fire^ by ujing Oxygen 
Gas injlead of Atmofpberic Air. 

By means of large burning-glafles, fuch as 
thofe of Tchirnhaufcn and of Mr de Trudaine, 
a degree of beat is obtained fomewhat greater 
than has hitherto been produced in chemical 
furnaces, or even in the ovens of furnaces ufed 
for baking hard porcelain. But thefe inftru- 
itients are extremely expenfive, and do not even 
produce heat fufficient to melt crude platina; 
fo that their advantages are by no means fuffi- 
cient to compenfate for the difficulty of pro- 
curing, and even of ufing them. Concave mir- 
rors produce fomewhat more effisd than burn- 
ing-glaffes of the fame diameter, as is proved by 
the experiments of MeiFrs Madquer and Beaum6 
with the fpeculum of the Abbe Bouroit ; but, 
as the diredlion of the reflefted rays is necefla- 
rily from below upwards, the fubftance to be 
operated upon mud be placed in the air with- 
out any fupport, which renders moid chemical 
experiments impoffible to be performed with 
this inilrument. 

M4 For 
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For thefe reafons, I firft endeavoured, to cm^ 
ploy oxygen gas in combuftion, by filling large 
bladders with it, and making it pafs through a 
tube capable of being fhut by a ftop-cock ; and 
in this way I fucceeded in caufing it to fupport 
the combuftion of lighted charcoal, The in- 
tenfity of the heat produced, even in my firft 
attempt, was fo great as readily to melt a fmall 
quantity of crude platina. To the fuccefs of 
this attempt is owing the idea of the gazome- 
ter, defcribed p. i8. et feq. which I fubftituted 
inftead of the bladders ; and, as we can give 
the oxygen gas any neceflary degree of preffurey 
we can with this inftrument keep up a conti- 
nued fl:ream, and give it even a very confider- 
able force. 

The only apparatus neceflary fdr experimentsf 
of this kind confifts of a fmall table, ABCD, 
PL Xir. Fig. 15. with a hole F, through which 
pafTes a tube of copper or filver, ending in s 
very fmall opening at G, and capable of being 
opened or fhut by the ftop-cock H. This tube 
is continued below the table at Imn o\ and is 
connefted with the interior cavity of the gazo- 
meter. When we mean to operate, a hole of a few 
lines deep muft be made with a chifel in a piece 
of charcoal, into which the fubftance to be treat- 
ed is laid ; the charcoal is fet on fire by means 
of a candle and blow-pipe, after Vhich it is ex- 

pofei 
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pofed to a rapid ftream of oxygen gas from the 
extremity G of the tube FG. 

This manner of operating can only be ufed 
with fuch bodies as may be placed, without in- 
convenience, in contaft with charcoal, fuch as 
metals, fimple earths, &c. But for bodies 
whofe elements have affinity to charcoal, and 
livhich are confequently decompofed by that 
fubftance, fuch as fulphats, phofphats, and 
mod of the neutral falts, metallic glafles^ ena- 
" mels, &c. we muft ufe a lamp, and make the 
ftream of oxygen gas pafs through its flame. 
For this purpofe, we ufe the elbowed blow-pipc 
ST, inftead of the bent one FG, employed with 
charcoal. The heat produced in this fecond 
manner is by no means fo intenfe 'as in the for- 
mer way, and is very difficultly made to melt 
platina. In this manner of operating with the 
lamp, the fubftances are placed in cuppels of cal- 
cined bones^ or little cups of porcelain, or even 
in metallic difties. Ifthefelaft are fufficiently 
large, they do not melt, becaufe metals being 
good condudlors of heat, the caloric fpreads ra- 
pidly through the whole mafs, fo that none of its 
parts are very much heated. 

In the Memoirs of the Academy for 1782, 
p. 476. and for 1783, p. 573, the feries of ex- 
periments I have made with this apparatus may 
be feen at large. The following are fome of the 
principal refults. 

I . Rock 
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1. Rock cryftal, or puife (iliceous earth, is irt* 
fuflble, but becomes capable of being foftened 
or fufed when mixed with other fubftances. 

2. Lime, magneiia, and barytes, are infufible, 
either when alone, or when combined together^ 
but efpecially lime ; they aflift the fufion of eve- 
ry other body. 

3. Argil, or pure bafe of alum, is completely 
fufible^^ry^ into a very hard opake vitreous fub- 
fiance, which fcratches glafs like the precious 
fiones. 

4. All the compound earths and ftones are 
readily fufed into a brownifh glafs, 

5. All the faline fubftances, even fixed alkali, 
are volatilized in a few feconds. 

6. Gold, filver, and probably platina, are 
flowly volatilized without any particular pheno- 
menon. * 

7. All other metallic fubftances, except mercu- 
ry, become oxydated, though placed upon char- 
coal, and burn with different coloured flames, 
and at laft diffipate altogether. 

8. The metallic oxyds likewife all burn with 
flames. This feems to form a diftinftive charac- 
ter for thefe fubftances, and even leads me to be* 
lieve, as was fufpedled by Bergman, that barytas 
is a metallic oxyd, though we have not hitherto 
been able to obtain the metal in its pure or re- 
guline ftate. 

p. Some 
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9. Some of the precious (tones, as rubies, are 
capable of being foftened and foldered together^ 
without injuring their colour, or even diminifli- 
ing their weights. The hyacinth, though al- 
moft equally fixed with the ruby, lofes it colour 
very readily. The Saxon and Brafilian topaz, 
and the Brafilian ruby, lofe their colour very 
quickly, and lofe about a fifth of their weight, 
leaving a white earth, refembling white quartz^ 
or unglazed china. The emerald, chryfolitc, 
and garnet, are almoft inflantly melted into an 
opake and coloured glafs. 

10. The diamond prefents a property peculiar 
to itfelf ; it burns in the fame manner with com- 
bufiible bodies, and is entirely difiipated. 

There is yet another manner of employing" 
oxygen gas for confiderably increafing the force 
of fire, by ufing it to blow a furnace. Mr A- 
chard firft conceived this idea ; but the procefs 
he employed, by which he thought to dephlo- 
gifticate, as it is called, atmofpheric air, or to 
deprive it of azotic gas, is abfolutely unfatis- 
faftory. I propofe to conftrud: a very fimple 
furnace, for this purpofe, of very refradlory 
earth, fimilar to the one reprefented PL XIII. 
Fig. 4. but fmaller in all its dimenfions. It 
is to have two openings, as at E, through one 
of which the nozzle of a pair of bellows is to 
pafs, by which the heat is to be raifed as high 
as poflible with common air j after which, the 

ftream 
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ftream of common air from the bellows being 
fuddenly ftopt, oxygen gas is to be admitted 
through a tube, at the other opening, communi- 
cating with a gasometer having the preflure of 
four or five inches of water. I can in this man- 
ner unite the oxygen gas from feveral gazome- 
ters, fo as to make eight or nine cubrcal feet of 
gas pafs through the furnace ; and in this ^ay I 
exped: to produce a heat greatly more intenfe 
than any hitherto known. The upper orifice of 
the furnace mull be carefully made of confider- 
able dimenfiotis, that the caloric^ produced may 
have free iflue, left the too fudden expanfion of 
that highly elaftic fluid fhould produce a dange- 
rous explofion. 
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♦ No. I. 

Table /or Converting Lines, or Twelfth Parts of 
an Inch, and FraSlions of Lines, into Decimal 
FraSlions of the Inch. 



Twelfth Parts 


Decimal 




Decimal 


of a line. 


Frawlions. 


Lines. 


Fra&ions* 


1 


0.00694 


1 


0-08333 


2 


0.01389 


2 


0.16667 


3 


0.02083 


3 


0.25000 


4 


0.02778 


4 


0-33333 


5 


0.03472 


5 


0.41667 


6 


0.04167 


6 


0.50C00 


7 


0.04861 


7 


0.58333 


8 


.0.05556 


8 


0.6^667 


9 


0.06250 


9 


0.750CO 


lO 


0.06944 


10 


0.83333 


11 


0.07639 


II 


0.91667 


12 


C.C8333 


12 


I.OOOCO 



No. 



%9^ 
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No. II. 



Table for Converting the obferved Heigbtr of 
Water in tbe Jars of tbe Pneumato-Cbemical 
Apparatus^ exprejfed in Incbes and Decimals^ 
to Correfponding Heights of Mercury. 



Water. 


Mercnry, 


Water. 


Mercury^ 


• I 


.00737 


4- 


•29480 


•2 


,01474 


5- 


•36851 


•3 


.02Z0X 


<6. 


•4422 c 


1 

•4 


.92948 


7- 


•51591 


•5 


.03685 


8. 


•5896? 


,6 


.04422 


9- 


•6633X 


•7 


-05 159 


10. 


•73702 


.8 


.05 8 96 


tf. 


•8107Z 


♦9 


.06633 


12. 


•88442 


I. 


.07370 


«3- 


•96812 


2. 


.14740 


Jt4- 


I.04182 


3- 


.22019 


«3- 


f*U525 



No, 
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No. III. 

Table for converting the Ounce Meafures vfed 
by Dr Priejlley into French and Englijh Cubical 
Inches *. 



Ounce 


French cubi- 


Englifh cnbi* 


Meafures. 


cal Inches. 


cal inches. 


I 


1-567 


1.898 


2 


3' 1 34 


3796 


3 


4.701 


5-694 


4 


6.268 


7-59* 


5 


7835 


9.490 


6 


9.402 


11.388 


7 


10.969 


13.286 


8 


X2.536 


15-184 


9 


14.103 


17.082 


10 


15-670 


18.98Q 


2.0 


3»-340 


37.960 


3° 


47.010 • 


56.940 


40 


62.680 


75.920 


■ 50 


78.350 


94.900 


60 


94.020 


113.880 


70 


109.690 


132.860 


80 


125.360 


15 1.840 


90 


141.030 


170.820 


100 


156.700 


189.800 


1000 


1567.000 


1898.000 
. No. 



* The ouxice meafure of Dr Priellley contains an ounce 
troy, or 48c grains, of pute water. The ctibical contents, 
^ given in the above table, are retained from the French 

of 
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No, IV. Additional. 

Rules for Reducing the Degrees of Reaumeurs 
and of the Swedijh thermometer ^ to the Corre* 
Jponding degrees on Fahrenheit s Scale *; 

The fcale of Fahrenheits thermometer is di- 
vided into 212 degrees from 'Z-ero, the cold pro- 
duced by a freezing mixture of fait and fnow, to 
the temperature of boiling water: Reaumeurs 
fcale_ has the Zero placed at the temperature of 
freezing water or melting ice, and the |interval 
between that and the temperature of boiling 
water is divided into 80 degrees : The Swedifh 
thermometer has its Zero in the fame place with 
that of Reaumeur, and the interval to the point 
of boiling water is divided into 100 degrees. 
Thefe are the principal thermometers now ufed 
in Europe, and the temperature indicated by 

any 

of Mr Lavoifier, reducing the French meafure to Ungliih 
according to the beft and mod generally received compa- 
rifon of the ratio, as given more at large in No, V. ol 
tliis appendix. If, however, the experiments of Mr Eve- 
rard be followed, as noticed in No. IX. of the appendix, 
the Englifli cubical meafure of one ounce ought to have 
been 1.8939, inftead of the above.— ^-T. 

* In a former edition of this tranflation, a table was 
given of the degrees on Reaumeurs fcale, with the corre- 
fponding degrees o.' Fahrenheit, from freezing to boUing 
water ; but the formulae in this article were thought moi^ 
generally useful an4 more convenient. — T, 



Arty of them may be reduced into the corns 
iponding degrees on any of the others by niean^ 
of the following finiple canons ; in which R-fig. 
nifie^ the decrees on the fcale of Reaumeur, F 
thofe of J5*ahirenheit, and S thofe of the Swedilh 
thermometer. 

!• To convert the degrees of Reaumeur to 

thofe of Fahrenheit ; -5^+j2=F- ; 

^: To convert the degrees of Fahrenheit to 

thofe of Reaumeur ; ^^=H?54=R. 

9 

3. To convert the Swediftl degrees to thofe of 
Fahrenheit ; — ?-j-3 2=:F. 
4- To convert Fahrehheits to Swedifh ; ' 

V . " * 

5. To convert Swedifh degrees to. thofe of 
Reaumeur ; §>^±R. 

6. To convert Reaumeurs degrees to Swedifh ; 

4 

To fiich readers as are unacquainted with the 
algebraic expreffion of arithmetical formulse, it 
will be fufficient to exprefs one or two of thefe 
in words to explain their ufe.—i. Multiply the 
degree of Reaumeur by 9, divide the produA 
liy 4, and to the quotient add 32, the fum ex- 
prefles the degree on the fcale of Fahrenheit.-— 
1. From the degree of Fahrenheit fubtrad 52, 

Vol. II. N ' inultiply 
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.multiply the remainder by 4, and divide the pro* 
duA by 9, the quotient is the degree according 
to the fcale of Reaumeur^ &lc. 



No* V. Additional. 

Rules /or Converting French Wetgbtt and Mea- 
^ furesintocorrefpondentEngliJb Denominations^* 

§ I. Weights. 

The Paris pound, poids de mark of Charle-— 
tnagne, contains 9216 Paris grains ; it is divided^ 
into 16 ounces, each ounce into 8 gros, an 
each gros into 72 grains. It is equal to 756r 
'^glifli Troy grains. 

The Englifh Troy pound of 12 ounces coo^ 
tains 5760 £ngli(h Troy grains, and is equal V^ 
7621' Paris grains. 

The Englifh averdupois pound of 16 ouhcesF 
contains 7000 £ngli(h Troy graiins, and is equaL 
to 8538 Paris grains. 
To reduce Paris ^r/. to £nglifh Troy "I 

.^rj. divide by . - - Kt^^^cm 

to reduce Englifh Ttoy grs. to Paris p-^^»? 
grs. multiply by - - - J 

Ta 

• Far the matcruls of this Article the Trasflator is in* 
4ebted to profeiTor Robifon.— T. 
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To reduce Paris ounces to Englifh 

Troy, divide by - - 
Tored^uce Ecfglifh Troy ounces tof ^'^'^^^^ 

Paris, multiply by 

Or the converfion may be made by means of 
the following Tables. 

I. To Reduce French to Englijb Uroj WeighU- 

The Paris pouod i=756i l E„giifh ' 

The ounce = 472-5625 Lxroy 

The gros ^ 59-^703 f Grains. 

The grain = .8204 J 

II. ?b Reduce Englijh Troy to Paris Weight. 

The Englifh Troy pound! _ 

of 12 ounces, .. J""'^^^* 

The Troy ounce^ = 585.0833 

TJhe dram of 60 grs. - = 73.1354 f P^ris 
The penny- wcrght, or de-l ox^icai I S^aips. 

nier, of 24 grs. J "^ ^; ^^ 

The fcruple, of 20 grs. =: ' I4.3784 

The grain, = 1.2189 

III. To Reduce Englijb Averdupois to Paris 

Weight. 

The av^riupois poundl 

of 16 ounces, or 7000 >=:8538. , Paris 

Troy grains/- J ^grains. 

The ounce, - = 533«625o J 

N 2 § 2. 
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§ ^. Long and Cubical Mcafures^ 



To reduce Paris running feet or in- 1 

ches into Englifti, multiply by I oCKQir 
Engliih running feet or inches into f ' ->5^// 

Paris, divide by - - J 

To reduce Paris cubic feet pr inches 1 

to Engliih, multiply by - I aiia7a 

Englifh cubic feet or inches to Piaris, j ' ' 

divide by - - J 

Or by means of the following tables : 



IV. To Reduce Paris Long Meajure ta £figJi/b. 



The Paris royal foot of> ^ ^^ ~ 
la inches, - J •/y// 

The inch, . = x.o659k3;: 

The line,: or ^ of an inch, = .0888 *^^^^ 
The -l^ of a line, ^ = ,0074 J 



Englifli^^v^ 



V. To Reduce Englijh Long Meafure to FrenAL 

The Englifli foot, -111.15961 

The inch, - = •PSSs | 

The |. of an inch, zr .1173 ^ Paris hicheil 

The^, . = .0938 

The line, or -j^ =: .0782 J 
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tW &j» 



To R^dmc French Cube Meafure to EngU/b. 



^hc Paris "| Englilh 

cube footss]:.2ix278 (cubical J 2093.088384 f . . 

TThc oubic r feet, ^ ^ '°'^^•• 

lacb ss 9OO0700 J or 



(hr T 

J J 2093.088384 I .^ 

t 1.211278 J 



VIL To Reduce EugUJb Cube Meafure to FrencbK 

^hc Englilh aibe foot, J« ,4^7.^5164 1 Frnch - 

or 1728 cubw»l inches 3 ^ ^ '♦^^ Uubical 
Xbc cubical inch = .8260 f. . 

Jhe cube tenth =,: .0008 J ^^''^^' 



§ 3. Meafure of Capacity. 

The Paris pint contains 58.145 f EngliQi cu- 
})ical inches, and the Englilh wine pint contains 

N 3 28.875 

* To convert the weight of a French cubic foot of any 
particn|[ar fubftance given in French grains into the corre- 
Jrpooding weight of an Englifli cubic foot in £ngli(h trojr 
grains; multiply the French grains by 0.6773x81, and 
the produd is the number of Engiiih troy grains contain* 
ed in an Engiiih cubic foot of the fame fubflance. 

\ It is faid by Belidor, Arcbit* Hydrog. to contain 3X o». 
6^gn. of water, which makes it 58.075 Englilb inches; 
^ut« as there is confiderable uncertainty in the determina- 

tions 
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^8.875 * cubical inches; or, the Pari$ pint con- 
tains 2.0171082 Englifli pints, and the Englifh 
pint contains .49617 Paris pints ; hence. 
To red!Lic9 the Paris pint to the "1 

Engli(h, muWply Jy - ^ I 2.0171082 
To reduce tl^e Enjghih pint to the j ' - 

P^aris, divide by • - J 

• TheSeptier of Paris is 7736 French, or 9370. 
45 Englifli, cubical inches ; and the M uid i$ 
92832 French, Qf 112^5.4 Englilh cubical 
inches^ 



-1 



No. 



tions of the weight of the French cubical meafure of wa- 
ter, owing to the uncertainty qf the fiafidards made ufe of^ 
it is better to abide by Mr Everafds meafure, which wa^ 
made by the Exchequer flandards, and by the proportions 
of the tlnglifh and French foot, as eftabliihed by the 
French Academy and Royal Society, 

* According to Beanmd^ the Paris pint contains 32 
French oances of water, at the temperature of 54.5° of 
Fahrenheit ; which would make it equal to 53.729 JEng-» 
liifa cubical inches. 
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No. VI. Additional. 

Ruj.es ybr Reducing the Swedi/b Weights and 
MeafureSy ufed by the Celebrated Bergman and 
ScbeelCj to Engli/h Denominations ^. ' 

The Swedifli pound, which is divided like the 
Engliih Apothecary or Troy pounds weighs 
6556 grs. troy. 

The Kanne of pure water according to Berg- 
man, weighs 42250 Swedifh grains, and occupies 
' 100 Swedifh cubical inches. Hence the Kanno 
of pure water weighs 48088.719444 Englifh troy 
grains, or is equal to 189.9413 Englifh cubic 
inches ; and the Swedifli longitudinal inch is 
equal to 1.238435 Englifh longitudinal inches. 

From thefe data, the following rules are de- 
duced. 

1. To reduce Swedifh longitudinal inches to 
Englifh — Multiply by 1.2384, or divide by 
0.80747. 

2. To reduce Swedifh to Englifh cubical in- 
ches — Multiply by 1.9, or divide by 0*5265. 

N 4 3. To 

* For this article, which was added in the fecond edi- 
tion, I am indebted to the friendly afllftance of Dr Ro* 
theram. — T. 



3. To reduce the Swedilh pound, ounc^, dram^ 
fcruple, or grain, to the cprrefponding Englifh 
troy denomination, multiply by x.1382, or divide 

4. To reduce the Swedifti Kannes to Engliih 
wine pints, multiply by .1520207, ox dliyide Iby 

6.57804. 

5. ThQ Lod, a weight fometim^s iifed by 

Bergman, isf the 32d part of the Swedilh pound : 
Therefore to reduce it tp the Englifh troy pound| 
jnultiply by .03557, or divide by aS.iis^, 
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No. VII. 

Table of the Wtights of the different Gafes^ at 
28 French^ inches^ or 29.85 finglijb inches ha^ 
rometrical preffure^ and at 54.5^ of tempera^ 
ture^ exprejfed in Engli/b meafare and Engli/b 
Troy weight. 



Htmes of 
l^e Gafes. 



Specific gravity. Weight of • en- 
water being looa bicBl foot in gn. 



Atmofph^ric * 
Azotic 

Oxygen 
Hydrogen 

Carbocic acid 
# # 

Nitrous 

Ammoqiacal 



1.2308 . 

1.1S90 

1-3562 

0.094671 

1.8454 

1.463^ 
0-73539 



Sulphurous acid 1.8856 



538-45 
520.17 

^93-32 
41.41 

807.34 

640.09 
321.72 
824.98 



Weight of a cu- 
bical inch in gij^ 

.311023 

•143 154 

•343345 
.023964 

.46732(5 

;370424 

.186180 

.471631 



No, 



* Thefe five, were alcertained bj Mr Lavolfier him<« 
felf.— T. 



* * The laft three are inferted bjr Mr Lftvoifier upon 
^hf 'authority of Mr ^ifwan.-f-T. 
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No. VIII. 
Tables ofihe Specific Gravities of different Btdteis 

a 

§ I. Metallic Subjlances. 

GOLD. 

Pure gold of 24 carats melted, but not 

hammered, - - 19.2581 

The fame hammered, - 19.3617 

Gold of the Parifian ftandard, 22 carats 

fine, not hammered *, - 17.4863 

The fame hammered, - 17*5894 

Gold of the ftandard of French coin, 

2 If-, carats fine, not hammered, 17.4022 

The fame coined, - - 1 7*6474 

Gold of the French trinket ftandard, 

2a carrats fine, not hammered, IS«7090 

The fame hammered, - , - 15.7746 

SILVER. 

Pure or virgin filver, 12 deniers, not 
hammered, - - 10.4743 

The fame hamriaered, • 10.5107 

Silver of the Paris ftandard, 11 deniers 
10 grains fine, not hammered f, 10.1573 

TJie fame hammered, - 10*3765 

, Sliver^ 

* The fame with Sterling. 

f This is 10 grs. finer than Sterling. 
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Silver, ftandand of French coin^ lo de- 

niers 21 grains fine, liot hammered, 10.0476 

The fame coined, - - i 0.407;^ 

PLATINA. 

Crude platina in grains, - 15.60x7 
The fame, after being treated with mp- 

riatic acid, - - 16.7521 

Purified platina, not hammered, 19.5000 

The fame hammered, - 20.3366 

The fame drawn into wire, - 21.0417 

The fame polled through rollers, 22.065)0 

COPPER AND BRASS. 

Cpppejr not hammered, • 7.7Mb 

The fame wire drawn, - • 8.8785' 

Bvafs not hammered, • ' 8.3958 

The fame wire drawn, - ^•5441 

Common caft brafs, , • • 7.8240 

IRON AND STEEL. 

Gaft iron, - - - '7.2070 

Bav iron, either hardened or not, 7.788b 

Steel, neither tempered nor hardened, 7.8331 
Steel, hardened under the hammer, but 

not tampered, - - 7.8404" 

Steel, tampered and hardened^ 7.8180' 

Steel, tempered and not hardened, 7-8163 ' 

OTHER 



^ypXT«l>^*^ 



\ 



« melted and iiol: 

TUe fame bard ,^dened. ^ 

Malacca tin, »" _ - 

^he fame batdened, ^ 

lAolten lead, 

Molten xinc. ^ 

Molten bifmutb, ^ 

lAoUcn bobalt, _ . - 

i^olten atfenic, 

jftolten nicUel, 
Molten antimony, 

Ctijde antimony, 
qiaf» of antimony, ^ 

Molybdena, 

Tnngftein^ - , 

Mctcury, ^ ' 

iptanium. 



7.*994 

7.19^3 
, 7.306s 

11,35*3 

7,190^ 

9.***? 
7.81x9 

5-7635 
7.8070 

6.70*« 

4.0643 

» 4^9464 

4-73*5 
6.0665 

13-56*^ 
6.44®' 



Rofe-coloured gneu ^ 

Oriental ruby, 
SpineU ditto, 
Ballas ditto, 

Brafilian ditto. 

Oriental topas, 



3-53»<? 

4.4833 
3.7600 

3.645* 

3.53X* 
4.0106 

Oriental 
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Oriental Piftachio topa» - - . 4.0615 

firafilian ditto - - 3*53^5 

Saxon ditto - - 3*5^4^ 

Ditto white diyo - - 3-5533 

Oriental Saphir - - 3*994 1 

Dittc white ditto - - 3'99i< 

Sapbire of Pay - • 4.0769 

Ditto of firafil - - 3- 1307 

Girafol - - 4;ooocJ 

Ceylon jargon - - .4.4l6t 

Hyacinth - - 36873 

Vermilion - - 4;2299 

Bohemian garnet - - 4.1888 

Dodecahedral ditto - 4.0627 

Syrian ditto - ' - «f..co#o 

Volcanic ditto with 24 fides « 2.4684 

Peruvian emerald - • ^»7753 

Cryfoliteof the jewellers , •' ■ ^ijdlrt 

Ditto of Brafil - - 2.6923 

Beryl or Oriental aqua marine - • 3*5489 

Occidental aqua marine -• 2.7227 

§ 3. Siliceous Stones. 

Pure rock cryftal of Madagafcar • 2.6530 

Ditto of Brafil - - 2.6526 

Ditto of Europe, or gelatinous - 2.6548 

Cryftallized quarts • « 2.6546. 

Amorphous ditto « - 2.6471 

Oriental agate - « 2.5901 
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Agate onyx - - ^•^375 

Traiifparent calcedony - ' 2,6640 

Caraelian - - 2.6137 

Sardonyx - • 2.6025 

Prafe- - - 2.5805 

Onyx pebble - - . 2.6644 

Pebble of Rennes - - 2.653S 

White jade - - 2.91502 

Green jade - - 2.9660 

Red jafper - . . , 2.6612 

Brown ditto - - 2.6911 

Yellow ditto - - '2.7101 

Violet ditto - - 2.71 11 

Grey ditto - - 2.7640 

Jafponyx^ - - 2.8160 

Black prifmatic hexahedral fchorl 3*3852 

Black fpary ditto - - . 3*3852 

Black amorphous fchorl, called antique 

.bafaltes - - « '2.9225 

Paving ftone ^ - 2.4158 

Grind Hone - - 2.1429 

Cutler's ftone - - 2.1 113 

Fountainbleau ftone *> - 2.5616 

Scythe ftone of Auvergne - ^•5.^38: 

Ditto of Lorrain - - 2.5298 

Mill ftone - - 2.4835 

White flint - . - \ ^*594i 

Blackifti ditto - - : 2.5317 
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S 4. Various Stones^ l^c. 

Opake green Italian ferpentine^ or gabro 

of the Florentines - , - ^•4^96 

Coarfe Brian^on chalk - ^•7^74 
Spanifh chalk - - , ^•7972 

Poliated lapis ollaris of Dauphiny ^•7^^ 

Ditto ditto from Sweden - 2- 85 31 

Mufcovy talc - - ^-79^7 

Black mica - - ^*9994 

Common fchillus or flate - ^.6718 

New flate - • ^4535 

White razor hone - 2-871^3 

Black and white hone - 3*^312: 

Rhonjbic or Iceland cryftal - ^•7151 

Pyramidal calcareous fpar - 2.730a 

Oriental or white antique alabafter ^•7x41 

Green Campan marble . - ^?74I7 

Red Campan marble « 2.7242 

White Carara marble - 2.716^ 

White Parian marble - 2.837$ 
Various kinds of Calcareous ftonesl from 1*3864 
ufed in France for.building J to 2.3902 

Ore of Uranium - - 7.50QO 

Heavy fpar . . 4.4300 

Strontitic fpar - . r3-7^6o 

13-6509 
White fluor - - 3IS5S 

Red ditto - - 3.19x1 

Green ditto - - 3- ^8 17 

Blue ditto - . ^ 3.1688 

Violet 
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Violet fluor - - 3*^i5f 

^ed fcintilant zeolite from Edelfors 2.4868 

White fcintiknt zeolite - ^•oj^^ 

Cryftallized zeolite - - 2.0833 

Black pitch (lone - •- 2.049^ 

Yiellow pitch (tone - * 1.0860 

JR.ed ditto - - 2.6695 

Blackifh ditto . - - 2.3191 

Red porphyry - - 2.7651 

Ditto of Dauphiny - - 2.7053 

Green ferpen tine - - ,2.8960 
Black ditto of Dauphiny, called variolite 2.9339 

Green dittg from Dauphiny - . 2.9883 

Ophites - * 2.9722 

Granitello - <- 5.0626 

Red Egyptiati granite - 2.6^41 

Beautiful red granite - ' 2.7609 

Granite of Girardmas - 2.7163 

Pumice (lone - - •9^4S 

Lapis obiidianus - • 2.3480 

Pierre de Volvic 4 - 2.3265 

Touch ftone - - 2.4153 

Bafaltes fronl Giants Caufeway ' . 2.8642 

Ditto prifmatic from Auvergne - 2.4153 

Glafs gall - - 2.8548 

Bottle- glafs • - 24732^ 

Green glafsf - - . 2.6425 

White glafs - - 2.8922 

St Gbbin cryftal - - 2.4882 

Leithcryftal - * 3.1890 

Flint 
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Flint glafs ' - - - 


3-3^93 


Borax glafs - - ! '' 


2.6070 


Sevcs porceljain '. - - ' ' 


2-1457 


Limoges ditto • - 


2.34x0 


China ditto <- - 


2.3847 


Native fulphur 


2.0332 


Melted fulphur 


1.9907 


Phdfphorus 


1. 7140 


Hard peat 


1.3290 


Ailibergreafe - 


.9263 


Tellow tranfparent amber 


1.0780 


§ 5. Liquids. 




Diililled water 


1. 0000 


Kain water 


1. 0000 


Filtered water of the Seine 


1.0C015 


Arcueil water 


1.00046 


Avjray water 


1.00043 


Sea water - - - 


I 6263 


Water of the Dead Sea 


1.2403 


' Burgundy wine 


•9915 


•Bourdeaux ditto - - . 


•9939 


Malmfey Madeira 


1.0382 


Red beer - - - 


1.0338 


White ditto 


1.0231 


Cyder 


1.0181 


Highly reftified alcohol 


.8293 


Common fpirits of wine 


•8371 


Vol. IL 


Alcohol, 
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Au:ohol, 15 pts. ; water, i part. 


,85*7 


14 


a 


.8674^ 


13 


3 


.88j = 


12 

« 


4 


•894s 


II 


5 


•907* 


10 


6 


.919^ 


9 


7 


•931 : 


8 

• 


8 


•94*-: 


7 


9 


•95^5 


6 


10 


'9594 


5 


If 


•9674 


4 


I* 


'9733 


3 


13 


.9791 


a 


14 


.9852 


I 


15 


'9919 


SuJphuric ^ther. 


- 


•7394 


Nitric ether, 


- 


.9088 


jMurjatic ether, 


- 


.7298 


Acetic ether, . 


- 


.8664 


Highly concentrated Sulphuric acid. 


a.1250 


Common Sulphuric acic 


1, 


J. 8409 


JJighly concentrated Nitric acid. 


1.5800 


Common Nitric ditto. 


- 


1.2715 


Muriatic ditto, •* 


- 


I. 1940 


Fluoric acid, 


- 


1.5000 


Red acetous ditto, 


- 


1.0251 


White acetous ditto. 


- 


I-OI35 


Diftilled ditto, ditto, 


*m 


1.0095 


t 




Acetic 
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Acetk ditto - - ' 

Potrmic ditto 

Solution of cauftic ammoniac, or vola-* 

tile alkali fi uor 
Eflential or volatile oil of turpentine 
liiquid turpentine "- - . 

Volatile oil of lavender - 

Volatile oil of cloves 
Volatile oil of cinnamon 
Oil of olives - - 

Oil of fweet almonds 
Lintfeed oil 
<>il of poppy feed 
OJI of beech maft 
Whale oil - . 

Womans milk 
Mares milk 
A6 milk 

{^oats milk * - 

£ve Inilk 

Cows milk - -- 

Cow tvhey 
Hiitnan urine 



1.0626 
•994* 

.8970 
.8697 
.9916 

.8938 
1.0363 

1.0439 

.9170 
.9403 
.9288 
•91715 

•9233 

1. 0203 

1.0346 

1-0355 
1.0341 

1.0409 

i;o324 

1.0193 

1.0106 



§ 6. Refins and Gums. 



Conjmon yellow or white rofin 


1.0727 


Arcanfon 


1.0857 


O2 


Galipot 



212 
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Galipot * 

Sandaraq 
Maftic 
Storax 
Opake copal 
Tranfparent ditto 
JVIadjagafcar ditto 
Chinefe ditto 
Eletni 

Driental anime 
Occidental dittp 
j^abdanum 
Dtitto in tortis 
Kefin of guaiac 
Ditto of jallap 
Bragons blood 

» 

Gam lac 

Tacamahaca 
Benzoin 
Alouchi f 
Caragna % 
Elaftic gum 
Camphor 
Gum ammoniac 
Sagapenum 






- 1.092^ 

1.109I 

1.0453 

- - i.o6oo 

1.0628 
1.018a 
1.0284 
?.0426 
1. 1862 

- - - ^-4933 

1.22^9 

I.2185 

r 1-^045 

1.1390 

1,0463 

1.Q924 

1 .0604 

1. 1244 

•9335 
•9887 

1,2071 

1. 2008 

Ivy 

♦ Refinons juices extrafled in France from the Pine. 
Vide Bomares DiB. 

\ Odoriferous gum from the tree which prodaces the 
Correx W»ntfranus. Ibid, 

X keiin of the tree caJlcd in Meuco, Caragna, or Tree 
of Madnefs. Ibid. 
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2vy gum * 


/ 


1.2948. 


C^amboge 


- 


' - 1 


Xuphprbium 


» « 

1 


Z.1244 


0Ubanuin 


. 


1.175* 


Myrth 


/ 


1.3600. 


]|del]ium 


m «4 


1-3717 


Aleppo Scamony 


\ 


>-23$.4. 


iSmyrna ditto 




i-a743 


Galbanum 


. 


J. 2 1 20 


Aftafcetida 


m • 


1^3^75 


SarcocoUa 


m » . ' 


J.26&4 


Opopona& 


- 


] .6226 


Cherry- tree gum 


- 


1.4817 


Gum Arabic 


«■ M 


'45*3 


Tragacanth 


- 


1.3161 


fiafora gum 


- 


1.4346 


Acajou gum f 




1.4456 


iSif onbain gum % 


- 


X.4206 


Infpiflated juice of 


*liqubrice 


1.7228 




- Acacia 


15153 




- Areca . 


1-4573 


Terra Japoniea 


^ «> 


1.395^* 


Hepatic aloes - 


•■ m 


i.358<S: 


Socotrine aloes 


- 


1-3795- 


InfpHTated juioe of St Johns wort 


1*5263' 


< 


03 


.Opium 



/ 



* Extraded in Perfia and the warm countries fronv Hcr 
acra tcrreftris.— i^owflr^. 

f From a Brafilian tree of this name.—* 7^/^. 

^ From a tree of tto namcu^^/iii. . •!. < 
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bpitmi 


-■ •' - 


1.336^ 


Indiga 


N 


.76^0 


Amottb 


, - ■ 


.5956 


Yellow wax 


/ 


i^4& 


White ditto 


mt urn 


i^esis 


Ouarouclbi ditto 


# - - 


• .6^70^ 


Cacao butter, " 


- • 


';89l6 


Spermaceti 


- 


•^433 


Beef f^ 


- 


.9232 


Veal fat 


- 


•934* 


Mutton fat 


- ■ 


•9^35 


Tallow 


.^ 


♦9419 


Hogs fat 


- • 


.9368 


Lard 


- 


.9478 


Butter 


- 


•94^3 


' •• 


§ 7. Woods. 


1 
* „ - 


Heart jof oak 60 


years old * 


1.1700 


Cork : 


• 


.a4oa 


.^Jm trunk 


* 


•6710 


Aih ditto 





.8450 


Beech 


' 


^8520 


iJder 


- 


•8000 


Maple 


■ - ■ 


-7550^ 


Walnut 


^ ^ 


.6710 


Willow 

- • 


- . . - 


.5850 


Linden 




.6040 






Male 



* The produce of the TaUow Tree of Gaiaaa* iVxtle 
Scmares Di&i 
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Male fir - ^ -5500 

J'emale ditto - - .4980 

Toplar - - -S^S^ 

IVhite Spanifh ditto - - -5294 

Apple tree * - * -TPS^ 

Pear tree - - .6610 

Quince tree - - -7050 

Medlar - -* •9440 

x 

Plumb tree -. - -7850 

Olive wood - - -9^7^ 

Cherry tree - . .7150 

Filbert tree • - .6qqo 

French bo2C" - - ,9120 

Dutch ditto - - i.3280 

Diitch yew . - .7880 

Spanifh ditto - • .Bp7Q 

Spanifh cyprefs - - .6440 

American cedar - - .5608 

Pomegranate tree - - ^'364^ 

Spanifh mulberry tree - .8970 

Lignum vitae - - i-SSS^^ 

Orange tree - - •7050 

O 4 No* 



. I/ote. — The numbers in the above Table, if the Decimal 
point be carried three figures farther to the right hand, 
nearly exprefs the abfolute weight of an Englilh cube foot 
of each fubflance in averdupois ounces. See Nc. IX. of 
ih« Appendix,. — T. 
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No. IX. Additional. 

Rules for Calculating the Abfolute Gravity iu 
Englijl) Troy Weight of a Cubic Foot and Incbf. 
Englijh Meafure, of any Subjlance wbofe Spe^ 
_ cific Gravity is known *. . 

In 1696, Mr Everard, balance-maker (o the^ 
Exchequer, weighed before the Cominiflioners 
of the Houfe of Commons 2145.6 cubical inches, 
by the Exchequer ftandard foot, of diftilled 
water, at the temperature of 55** of Fahren- 
heit; and found it to weigh J1310Z. 14 drs. 
Troy, of the Exchequer ftandard. The ]beam 
turned with 6 grs. when loaded with 30 pounds 
in each fcale. Hence, fuppoiing the pound 
averdupois to weigh 7000 grs. Troy, a cubic 
foot df water weighs 624- pounds averdupois. 
Or iOoo ounces averdupois, wanting ro6 grains 
Troy. And hence, if the fpecific gravity of 
Water be called 1000, the proportional fpecific 
gravities of all other bodies will nearly cxprefs 
the number of averdupois ounces in a cubia. 
foot. Or more accurately, fuppoiing the fpeci- 
fic gravity of water exprefled by i. and of all 
other bodies ^in proportional numbers, as the 

cubic 

* The whole of this and the following article was cortx-^ 
municated to the Tranflator by ProfelTor RolifoD.^-T* 
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cubic foot of water weighs, at the above tefn- 
perature, cxaftly 437489.4 grains Troy, and 
the cubic inch of water 253.175 grains, th^ 
abfolute weight of a cubical foot or inch of 
any body in Troy grains may be found by muU 
tiplying their fpecific gravity by either of the 
above numbers refpedlively. 

By Everards experiment, and the proportions 

of the £ngli(h and French Foot, as eftablifhed 

T>y the Royal Society and French Academy of 

Sciences, the following numbers are afcertain- 

ed. 

Paris grains in a Paris cube foot of 

water - - 1^6455 ix 

Englifti grains in a Paris cube foot 

of water - - =1:529922 

Paris grains in an Englifh cube foot 

of water - - =533247 

Englifh grains in an Engliih cube 

foot of water - - =1437489.4 

Engliih grains in an Engliili cube 

inch of water - =253.175 

By an experiment of Picard with 
the meafure and weight of the 
Chatelet, the Paris cube foot of 
water contains of Paris grains =641326 

By one of Du Hamel, made with 

great care - . =641376 

By Homberg - - =641666 

Thefe 
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Thefe fhew fome uncertainty in ideafure or 
ia weights ; but the above corilputatiotl from 
Everards experiment may be relied on, be- 
^aufe the comparifon of the fdot of Ei^gtand 
with that of Prance was made by the joitft la* 
hour of the Royal Society of London ahd the 
French Academy of Sciences : It agrees like- 
wife very nearly with the weight affigned by Mr 
Lavoifier, 70 Paris pounds to the cubical foot of 
water. 



Nc. 
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No.X. 

Tables for Converting Ounces ,> Drams ^ and 
Grains f Troy^ into Decimals of the Troy Pound 
of 11 Ounces^ and for Converting Decimah of 
tbe Pound Troy into Ounces^ ISc. 





I. 


For Grains. 




Grains 


1 as Pon&d. 


Grains \ 


=: Pound. 


I 


.0001736 


100 


.0173611 


2 


.0003474 


200 


.0374222 


3 


.0005208 


\ 3c>o 


.0520833 


4 


.0006944 


400 


.0694444 


5 


.0008681 


• 500 


.0868055 


6 


.0010417 


600 


.1041666 


7 


.0012153 


700 


.1215277 


8 


.0013889 


* 800 


.1388888 


9 


.0015625 


900 


.1562499 


xo 


.0017361 


1000 


.1736110 


20 


.0034722 


2000 

1 


.347222a 


3° 


.0052083 


3000 


.520833Q 


40 


•0069444 


4000 


.6944440 


5° 


.0086806 


5000.. 


.8680550 


6o 


.0104167 


6000 

J ... 


I.04T8660 


70 


•OI2I528 


7000^ 


1.2152770 


80 


.0138889 


8000 


1.3888880 


90 


.0156250 


9000 


1.5624990 



II. 
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II. 


For Drams. 


Dilims 


:tt Pound. 


i 


.0104167 


s 


.0208333 


3 


.0312506 


4 


.0416667 


5 


.6520833 


6 


.0625000 


7 


.0729167 


8 


•0833333 


lit 


For Ounces. 


Ounces : 


= Pound. 


1 


•0833333 


2 


.1666667 


3 


.25OQOOO 


4 


•3333333 


5 


.4x66667 


6 


.5000000 


7 


•5833333 


8 


.6666667 


9 


.7500600 


Id 


•8333333 


II 


.9166667 


12 


i.ooooooa 



IV. 
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^ V. Decimals of the Pound into Ounces, ifCw 



Tenth parts. 

Jii.zz €%• dr. gr. 

O.I I J 36 

p.2 % ^ 1% 

0.3 3 4 48 

0.4 4 6 24 

0.5 600 

0.$ 71 36 

0.7 8 -3 12 

0.8 94 48 

0.9 10 6 24 

Hundredth parts. 

Q.oi o o 57.6 
0.02 o I 55.2 

C.03 . 02 52.8 
0.G4 o 3 50.4 

0.05 o 4 48.0 

0.06 o 5 45.6 

0.07 o 6 43.2 
0.08 07 ^'-40. 8 

0.09 o 8 38.4 

Thoufandtbs. 

C.OQI O O 5.76 

0.002 o o 11.52 

0.003 ^ ^ 17.28 

0.004 • ^ ^ 2^.04 

O.Q95 b o 28.80 



Tboufandths. 



Iib.=: 

0.006 

0,007 
0.008 
0.009 



grs, 

34*56 
40.32 

46.08 
51.84 



«•■.<> 



2V/2 tboufandth parts, 

o.opoi ^ 0.576 

0.0002 I«I52 

0.0003 1-728 

0.0004 2.304 

0.0005 2.880 

0.0006 3«456 

0.0007 4-032 

0.0008 4i6o8 

0.0009 5^^184 
Hundred tboufandth 

parts. 

o.ooooi 0.057 

O.C0002 O.I 15 

0.00003 0.173 

0.00004 0.230 

O.COC05 0.288 

0.00006 0.346 

0.00007 0.403 

0.00008 0.461 

0.00009 0.518 
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No. XI. 

Tabj.e of the Knglijb Cubicallncbes and Decima 
correfponding to a determinate Troy weight 
di/iiUed Water of the Temperature of ^^^, ca 
culatedfrom Everards Experiment 



For Grains. 




For Ounces. 


Gfs. 


Cubical Inches. 


Oz. 


Cubical Inch- 


1 = 


.0039 


1 


= 1.895 


9 


.0079 


a 


3-79» 


3 


.oii8 


3 


i>-68r : 


4 


.0158 


4 


7-58^7 


5 


.0197 


5 


9.47^C" 


6 


.0237 


6 


"•37S5 


7 


.0376 


7 


13.2714 


8 


.0316 


8 


15.1674 


9 


•0355 


9 


17.0633 


10 


•0395 


10 


18.9592 


icy 


.0790 


II 


20.8551 


30 


.1185 


• 




40 


.1580 




For Pounds. 


50 


.1974 . 


Libs. 


Cubical Incbce, 




• 


I 


z: 22.7510 


For Drams. 


2 


45.5021 


Drams. 


Cubical Inches. 


3 


68.2531 


I = 


.2370 


4 


91.0042 


2 


•4739 


5 


I '3-7553 


3 


,7109 


6 


136.5063 


4 


•9479 


7 


159-2574 


. 5 


1.1849 


8 


182.0084 


6 


I. 4219 


9 


204-7595 


7 


1.6589 


10 


227.5106 




1 


50 


"37.5.S30 






100 


2275.1061 




• 


1990 


22751.0615 

No- 
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No. XII. Additiokai. 

r 
I 

Table of the Comparative Heats 6f different Bo- 
dies^ as afcertained by Crawford. 



Hydrogen gas ' • 


w 21.4000 


Oxygen gas 


4.7450 


Atmofpheric air 


1.7900 


Steam or aqueous vapour 


1.5500 


Carbonic acid gas - 


1.0454 


Arterial blood' 


1.0300 


Water 


1. 0000 


Cows milk 


•9999 


Venous blood 


.8928 


Azotic gas 


^7936 


Hide of an ox with the hair 


.7870 


Lungs of a iheep 


.7650 


Mufcular flefti of an ox 


.7400 


Alcohol 


.6021 


Rice 


.5060 


Horfe beans 


.5020 


Spermaceti oil 


.5000 


Fruit of the pine tree 


^.5000 


Peafe 


.4920 


Wheat 


.4770 


• 


Barley 
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Barley 


.4219 


Oats . - 


.41 60 


Sulphuric acid r 


.4290 


Pitcoal 


.a77x 


pl^^rcoal - 


.2631 


Chalk . * . 


.2564 


Ruft of iron r 


.2500 


Waftied diaphoretic Antimony 


.227a 


Oxyd of copper nearly freed froni air 


•2272 


Quicklime - . 


.2229 


pinders - r 


.1923 


Alhes of pitcoal - 


.1855 


Ruft of iron nearly freed from ^ir 


.1666 


tVaftied diaphoretic Antimony do. 


.1666 


Aflies of elm wood 


.1402 


Q^yd of Zinc nearly freed from air 


•1369 


Iron 


.1269 


Brafs 


.1123 


Copper - - 


.iiii 


White oxyd of tin almoft free of air 


.0990 


Zinc 


.0943 


Afties of charcoal 


.0909 


Tin - . 


.0704 


^ Yellow oxyd of lead alnioft free of air 


• .0680 


Antimony 


.0645 


Lead - 


.0352 



No. 
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No. ' XIII. Additional. 

Table of the Ingredients in Neutral Salts ^ as 

determined hy Kirwan. 





Acid 


Alk. 


Water 

*• • 


Sulphuric potafli 


31 

• 


63 


6 


Sulphuric foda 


r4 


22 


64 


Sulphuric ammoniac 


42 


40 


18 


Nitric potafh 


30 


63 


7 


Nitric foda 


39 


50 


21 


Nitric ammoniac 


46 


40. 


J4 


Muriatic potafh 


30 


63 


7 


Muriatic foda 


33 


50 


17 


Muriatic ammoniac 


5a 


40 


8 


Boracic foda 


34 


n 


47 


Earthy Salts. 




• 




Acid 


Earth 


Water 


Sulphuric magnefia 


24 


19 


57 


Sulphuric argil 


24 


.18 


58^ 


Nitric calx 


33 


32 


35 


Nitric magnefia 


36 


27 


37 


Carbonic itrontites 


30 


61 


9 



Vol. II. 



Metallic 



ild il^PENBi:^ 



Metallic Salt^. 

Add' Metal JKfitir 

Sulphuric Iron 30 25 55 

Po. Copper 3Q 2J 43 

£>b. Zinc iq; q^p 59 



No. XIV. 

Jfew Syjiem of Chemical Cbara&ers^ adapted M 
the New Nomenclature^ by Mejfrs Haffinn 
fratz and Adet : i/uitb /ome ^Item^iut bj^ 
tbe Traji/lator *, 

The utility of chemical characters for ma* 
siy purpofes has heen long and univerfally ac* 
knowledged. Till of late they were perfedly 
arbitrary; and, from that circumftance^ even 
in the narrow limits of chemiftry 9, few years 
ago, were difficultly retained in tbe memory. 
In the prefent highly advanced and impro- 
ving ftate of the fcience, when an- immbnft^ 
number of chemical fubftances have been add- 
edf and are daily difcovering, the number of 
chara(^ers, neceffary for the purpofes of the chc- 
ini&, has become fo large that it is hardly pof- 

fible 

• Firft added in this fifth £dition.-^T, 
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fible to remember them accurately, if continued 
on their former plan. Fully convinced of this, 
Meflrs HafTenfratz and Adet of Paris have, with 
great judgment and ingenuity, contrived a fet 
chara(3:ers, which are extremely diftind and 
fijnple, and require only to be feen once to be 
fully underllood and perfedly remembered. 

I have thought that it might be of confider- 
able ufe to add thefe characters to the tranflation 
of Mr Lavoifiers ^Elements ; and, though I ac- 
knowledge the excellence of the fymbols in- 
vented by thefe gentlemen, I have taken the li- 
berty to make fome very flight alterations, by 
ivhich they a^e rendered flill more fimple and 
of eafier application. 

Meflrs Haflenfratz and Adet, bcfides the ge- 
neral charader for the metals in their fimple 
Aate, in which they are combuftible bodies ca- 
pable of oxydation and of oxygenation, have 
added different charaders for azot, hydrogen, 
carbon, fulphur and phofphorus, which in their 
fimple ftate are likewife combuftible bodies, 
fufceptible of being oxydated and oxygenated. 
JFrom that ftriking coincidence, 1 have rejeft- 
ed the peculiar charaders of thefe . latter fub- 
ftances, and ranked the whole known combuf- 
^ble, qxydable, and acidifiable fimple fubftan- 
ftances under one general charader. 

The only other difierence, which indeed arifes 
QVit of the one juft mentioned, between the fym- 

P z tools 
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bols of IVf eflrs Haflenfratz and Adet, and tfaofe 
here given, is in the compound charaders, which 
indicate the different dates of aggregation, and 
various degrees of oxydation of the above five 
fimple combuftible fubftances. 

In Table XIV. are engraved the whole cha- 
radlers that are neceffary in the prefent ftate of 
chemiftry. As chemiftry advances towards per- 
feAion, thefe, infteadof needing to be increafed 
in number, may probably be Hill farther re- 
trenched. The general charafter for unknown 
or little known and compound acidifiable ba- 
fes (5.) jvill become unneceflary when thefe are 
afcertained. The figure at prefent ufed for repre- 
fenting non-acidifiable compound fubftances, or 
rather fuch fubftances when confidered indepen- 
dently of oxydation, or acidification, will likewiie 
become ufelefs when the nature and compofition 
of thefe bodies are fully underftood. One of 
the alkalies is already known to be a compound 
confifting of known fimple elements, and the 
other two are ftrongly fulpedled, upon very good 
analogical grounds, of being likewife compound 
bodies ; hence the charaifler employed for them 
will foon become unneceflary. Of the five 
known earths, three have lately been detedted 
as metallic oxyds, a fourth is fufpeiled to be 
only a modification of the fifth, and that too 
there are fome reafons for believing to be allied 
to the acidifiable bafes : When thefe difcoveries 

and 
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and conjeiSiares are verified by farther experi- 
ment, this character will fall likewife to be ex- 

9 • w % 

1 

punged. Thus^ in beautiful conformity with the 
litnplicity of fcience, which increafes in propor- 
tion to the advancement of our knowledge, the 
more we know of cheraiftry the fewer characters 
will be needed for expreifing all its known fub- 
llances. 

Explanation of the CbaraBers* 

No, I. Fig. I. The character for light, but 
which, ip the prefent Hate of chemiftry, {cannot 
. be properly employed, as we are ignorant of the 
connedlion or difference between light and ca- 
loric. 

Fig. 2. The fymbol of caloric, which in this 
new fet of fymbols is of fingular ufe for expref- 
fing the different flates of the aggregation of 
bodies. 

Fig. 3. The fymbol for ^ygen, which, jby a 
very fimple contrivance, is made to indicate the 
various degrees of oxydation and acidification 
* of all the bodies which are fufccptible of com- 
bination with oxygen. 

Fig. 4. The general charadler for all com- 
buftible, oxydable and acidifiable lubftances, 
confidercd as fimple chemical elements. 

Fig. 5. The general fymbol for all compound 
and unknown, or but little known oxydable and 
acidifiable bafes. 

P 3 Fig. 6. 
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Fig. 6. reprefents all the non-acidifiable com- 
pound fubftances, or rather thefe confidered 
without any relation to oxygenation. 

Fig. 7. reprefents the alkalies merely ccmfider- 
ed as fuch. 

Fig. 8. The fjmbol for tjie earths confidered 
as elementary bodies, capable of enteriri^ into 
chemical combination ; as if fimple, without 
their conftituent elements being decompounded. 

Thefe laft five fymbols reprefent the whole 
known chemical fubftances by proper diftin^ive 
marks, to be afterwards mentioned, except ca* 
loric and oxygen : In their fimple ftate, as at 
No. I., they muft all be confidered as iodica* 
ting the folid flate of the bodies they are meant 
to reprefent. 

No. II. points out the method of employing 
the fymbol of caloric in conjunction with the 
characters of the other fubftances for indicating 
the various ftates oraggrcgation in thefe bodies. 
When the charaders ftand fimple, the bodies 
muft univerfally be underftood as folid ; the li^ 
quid ftate, when produced by caloric, or the 
fufion of the bodies by caloric, not folution by 
water, and the ftate of gas or vapour are ouirk* 
as under. 

Fig. I. A known fimple acidifiable fubftauce 

in the liquid or fufed ftate. 
Fig. 2. The fame fubftance in the ftate of gas. 
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yig. 3. A compound or unkaown acidifiable 

hsSe in the (late of fufion or of li* 
quefkdtion. 

Fig. 4« The fame in the vaporous ftate. 

Fig. 5. A compound non-ozygeaable fubftance 
in its liquid date. 

Fig. 6., The fame fubftance converted into gas. 

Fig. 7. An alkali in the liquid ftate. 

^ig. 8. An alkali in the ftate of vapour. 

Fig. 9. An earth in fufion. 

Fig. 10. The fame raifed in form of gas. 

No. III. contains the application of the 
fymbol of o^gen, for indicating the various 
flegrees of. osLydation apd oxygenation of the 
fubftances capable ^f .uniting with oxygen, and 
the changes in the ftates of aggregation produced 
on the refulting compounds by caloric. As be- 
foje, they muft be confidered as folid, when the 
fymbol of caloric is not united with them. 

Fig. I. A known fimple bafe in the ilate of 

oxyd. 
Fig. 2. The fame bafe in. the firft or .lower ftatS 

of oxygenation, when the term for this 

acid ends in ofum or ous. 
Fig. 3. The fame bafe faturated with oxygen, 

* 

in which ftate the name of the acid 
ends in icum. or iV. 
Fig. 4. The fame bafe fuperfaturated with oxy- 
gen, when the ac^d is named fuper- 
oxygenated. 

P 4 FigSi 
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Figs* 5f ^f 7- ^i^d 8. reprefcnt the above four dc* 
grees of oxjdation and oxygenation 
in the liquid date. 

Figs, g, 10, II. and 12. ihew the fame four de« 
grees, as raifed to the date of gas. 

Figs. 13, 14, 15. and 16. are the fymbols of the 
compound or unknown bafes in the 
fame four degrees of oxydation or 
oxygenation. It was thought unne* 
ceflary to add the iymbols of thefe iit 
the liquid and gafeous dates, as they 
are exadly analogous with the others. 

No. TV. contains the fymbols of all the known 
combuftible,oxydable and acidifiable fimple fub- 
dances, as folid, and neither oxydated nor aci- 
dified. From what has been already faid, it 
mud be perfe&ly obvious in what manner the 
fymbols of caloric and of oxygen are to be com«> 
bined, to point out thefe fubftances in their li- 
quid and vaporous dates, and in their diSerent 
degrees of oxygenation. The fymbol is the 
fame in all, and the fpecific differences are in- 
dicated by the initial letters of their Latin names, 
included within the chara&er. Thus ; 



Fig. I. A. 


Azotum^ 


Azote. 


2. C. 


Carbonum^ 


Carbon. 


3. H. 


Hydrogenium^ 


Hydrogen. 


4. S. 


Sulpburum, 


Sulphur* 


5. P. 


Pbojpborum, 


Pbofphorus. 
Metal& 
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Fig, 6. 0. 


Metals. 
Platinum^ 


Flatina. 


7. • 


Aurum, 


Gold. 


8. Ar, 

9. Me. 
10. St. 


Argentum^ 

Mercuriunif 

Stannum, 


Silver. 

Mercury. 

Tin. 


11. Cu. 

12. PI. 


Cuprum, 
Plumbum, 


Copper. 
Lead. 


13. F. 


Ferrum, 


Iron. 


14. Z. 


Zirtcum, 


Zinc. 


15. Ma. 

16. N. 


Manganum, 
Niccolum, 


Manganefe^ 
Nickel. 


17. An. 

18. Co. 


Antimonium, 
Cobaltum, 


Antimony. 
Cobalt. 


19. Ars. 


Arfenicum, 


Arfenic. 


20. Mo. 

21. T. 


Mplybdum, 
Tunjlenum, 


Molybdett, 
Tunllein. 



Newly difcovered Metab. 

22. Ca. Calcum, Metal of lime. 

23. Ba. Barytum, ■ of barytes. 

24. Mg. Magnejrum^ -ofmagnefia. 

Thefe fymbols indicate the fimple and folid 
ftates of the fubftances they are ufed for expref- 
fing ; the liquid and gafeous ftates of each, and 

■ 

their various degrees of oxydation and oxyge- 
nation, are exprefled by means of the fymbols 
of caloric and oxygen, *in the manner exempli- 
fied at No. IL and No. III. 

No. V^ 



'l 

i 
i 
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No. V. gives examples of compound fymbols 
for expreffing the combinations which the abov 
fubftances are capable of forming with eac 
other, and with caloric or oxygen, or both. 

Fig. I. Azotic gas. 

2. Azotic oxyd gas, or nitrous gas» 

3. Solid nitrous, or azotous acid. 

4. Solid nitric, or azotic acid. 
5* Carbonic acid gas. 

6. or 7. Oxyd of hydrogen, or water in the 
folid date of aggregation, or ice. 

8. Water, or ice fufed by caloric. 

9. Steam, or ice raifed into vapour. 

10. Solid azuret of carbon, or carburated 

azot. An unknown combination. 

11. Carbonated azotic gas. 

12. Carburet of hydrogen, or hydruret of 
' carbon. Unknown, except as the bafe 

of fome acids. 

13. Carbonated hydrogen gas. 

14. Carburet of iron. 

15. Sulphuret of mercury. 

16. Phofphuret of iron. 

17. Amalgam of mercury and gold. 

18. Alloy of copper and tin. 

19. Alloy of lead and tin. 

20. Alloy of copper and zinc. 

ft 

In 
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In the above inftances, the combined fab* 
Aances are fuppofed to be in equal quantities, 
or at leaft mutually fatu rated with each other; 
but the proportions of the ingredients to each 
other may, in a certain degree, be denoted by 
the relative arrangement of the fymbols of thefe 
ingredients : When thefe are on the fame hori- 
zontal line, as in the examples given at No. V. 
the ingredients, as has been already faid, are to 
be confidered as in equal quantities, or mutually 
faturated ; but when one fymbol is placed over 
the other, the ingredient indicated by the lower 
mull be confidered as exceeding the other in- 
gredient of the compound in quantity, or as not 
being fully faturated. Some examples of this 
are given in No. VI. 

Fig. !• Alloy of gold and copper, the gold be- 
ing in larger quantity. 

2. Silver alloyed with a imaller quantity of 

copper. 

3. Alloy of .filver with a fmaller quantity 

of gold. 

4. Alloy of gold with a imaller quantity 

of platina. 

5. Alloy of tin, copper and lead in equal 

quantities. 

6. Alloy of filver, gold and copper, the fil- 

ver in largefi: proportion, the gold 
(mailer, the copper ieait of all. 

Fig. 7. 
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Fig. 7. Alloy of tin and lead in equal quanti* 
ties, with a fmaller proportion of zinc. 

8. Copper and zinc, in equal quantities^ 

alloyed with fmaller equal quantities 
of tin and lead.. 

9. Carburet of iron, in which the carbon 

is in larger quantity. Plumbago. 

10. Carburet of iron, in which the carbon is 

in fmaller quantity. Steel. 

11. Equal quantitiesof zinc and tin, alloyed 

with a larger portion of lead. 

12. Equal quantities of zinc and copper^ 

with a larger proportion of lead, and 
a fmaller of tin, alloyed together. 

In No. VII. the general charader ufed for 
denoting the unknown or compound, or but 
little known, oxydable and acidifiable bafes, is 
employed with proper diftindive central marks 
for exprefling each of thefe bafes in particular. 
So many examples of the ufe of caloric and oxy- 
gen for indicating the dates of aggregation, and 
degrees of faturation with oxygen, have been 
already given, that it is unneceffary to repeat 
them with thefe. 

Fig. I. M. Muria. The unknown radical or 

bafe of muriatic acid. 
a. A M. Azo-muria. The compound bafe 

of the Nitro-muriatic or Azo- 
liiuriatic acid. 

Fig. 3. 
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£ ig. 3. A. Bafe of acetic and acetous acids. 

4. O. . oxalic acid. 

5. T. ■■■ tartaric acid. 

6. P T. ■ pyro-tartarous acid. 
y. ci. -.— — citric acid. 

8. Ma. malic acid. 

9. P L. — — — pyro-lignous acid. 

10. P M. — — — pyro-mucous acid. 

11. G. gallic acid. 

12. P. — .— pruffic acid. 

13. Be. benzoic acid. 

14. Su. — _ fuccinic acid. 

15. Ca. ■ camphoric acid. 

16. La. ladic acid. 

17. S L. faccho-ladtiq acid.. 

18. Bom. — bombic acid. 

19. Fo. ■ formic acid, 

20. Se. febacic acid. 

21. Bor. — — boracic acid. 

22. Fl. — — — fluoric acid. 

23. Li. lithic acid. 

The fymbols for expreffing the particular al- 
kalies and earths, confidered merely as fuch, 
are contained at No. VIIL They muft be un- 
derftood as pure, and free from any combination 
whatever. 

Fig. I. Lixa ox potaffa. Potafli, 
2. Trona ox foda. 
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Fig* 3. ^/n/Ro^sa. or ammoniac. 

4. Ditto, confidered aa relative to its in« 

gredientSj forming hydruret of azot, 
or azuret of hydrogen. 

5. The fame in its vaporous ftate* 

6. Baryta. 

7. Galea, or lime. 

8. Magnefia. 

9. ^rga, alumine or argil, 
xo. Silica or file}(. 

In No. IX. are contained the fymbols for 
denoting th^ falts, compofed of acids united 
with alkaline earthy or metallic bafes^ Thefe 
xnay be confidered under three feparate heads ; 
fuch as have the acid and alkali exa^ly fatu- 
rated, in which cafe the fymbols of the ingre-' 
dients are ranged on tbe fi^me horizontal line ]^ 
fuch as have one of the ingredients in excefs, 
the fymbol of which is placed below (he other \ 
and fuch as confift of more than two ingredi- 
ents. When the fait is fuppofed to be in a 1^« 
quid ftate from caloric, or what is called in fq-. 
fion, the fymbol of caloric is added upwards ; 
when in the vaporous ftate, the fame character 
is made to point downwards ; and when diffol- 
ved in any particular liquid, as water, the fym- 
bol of the liquid is placed in the fame hori- 
zontal line, when a faturated folution, and be- 
low the line if the folvent be in excels. Cry-* 

ftallizatioO| 
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flallization, or at Icaft folidity witli water 
cryftallization united, maybe expreffed by the . 
charader of ice placed above the compound 
fymbol expreffing the fait. All thefe circum^ 
ftances ^xt fo very fimple, and eafily under- 
fiood, that a very fmall numbet of examples in 
each cafe may fuffice. 

Fig. !• Carbonic lixa, or carbonat of potafli, 

folid. 

■ 

2. Sulphurous trona, or fulphat of foda^ 

fufed. 

3. Ammoniacal muriat, or muriatic ammo^ 

na, in the vaporous ft^te. 

4. Azotic or nitric lixa, or nitrat of pot- 

afh, diflblved to feturation in water. 

5. Fhofphat of foda, or phofphoric tro- 

na, in a folid ftate with water of cry- 
itallization. 

6. Muriatic mercury, or mercurial mu« 

riat, dilTolved in excefs of water. 

7. Fluoric calca, or calcareous fluor, fo« 

lid. 

8. Pyro-mucoiis baryta, or barytic pyro- 

mucite. 

9. Azotous or nitrous magnefia, or mag- 

nefian nitrite. 
ID. Acidulous fulphat of alumine, or aci« 

dulous fulphuric arga. 
II. Acidulous fulphuric lixa. 

Fig. 12. 
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Fig. 12, Alkaline fulphuric trooa. 

13. Antimoniated tartarous lixa. 

14. Ammoniated muriatic copper. 

15. Phofphoric trona and ammona, orfufi- 

ble fait. of urine. 

16. Muriatic mercury and ammona, or fait 

of wifdom. 

, In No. X. are given a few examples of the 
combinations of the alkalies and earths with 
ipme of the other bodies coniidered as fimple. 

Fig. I. Sulphuret of lixa, or fulphurated lixa. 

2. Sulphuret of calca, or fulphurated lime^ 

or calcareous fulphuret. 

3. Lixated filica in equal quantities. 

4. Tronated filica, or glafs J or fupeitfilica- 

ted trona. 
5* Super-tronated filica, or foluble glafs. 

Such of the non-acidifiable compound fub- 
ftances as are thought neceflary to be diflin- 
guifhed by particular names, for chemical pur- 
pofes, have their particular fymbols reprefented 

at No. XI. 

Fig. I. Ether. 

2. Alcohol. 

3. Fixed vegetable oil. 

4. Volatile oil, produced by diftillation. 

Fig. 5. 
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Fig. ^. Bittmicn^ 


'.■'". -'J 


& Mufciis^ 


# 


7. Starch. 


. J 


8. Wax, cferniil, . 


* 


9. Aromatic oil. * 


• 


10. Taariin. 





• «i • •• 



A 



Such other fymbols as may be required for fi-. 
milar fubftances, may be readily formed on this 
model. 

. In No. XII. fome examples of the combina- 
tions of thefe laft fubftances, with a few of thofe 
formerly mentioned, are given. 

■ - - ■• * 

Fig. I. Soap of lixa, or lixivial foap ; folid. 

2. Sulphurated volatile oil, or balfam of 

fulphur ; liquid. 

3. Calcareous foap ; folid. 

4. Emplafter, or wax and oil in equal 

quantities ; folid. 

5. Proof fpirit, or alcohol and water, in 

equal quantities, 

6. Weak fpirit, or alcohol mixed with a 

larger proportion of water. 

7. JLead plafter, or fixed oil, united to an 

equal quantity of oxyd of lead ; fo- 
lid. 

Vol. II. Q^ #g..8. 
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Hg. 8. Drying oil, or fixed oil united with a 

fmaller portion of oxyd qF lead ; li- 
quid, 
9* Ammoniacal foap ; the oil in larger 

proportions ; liquid. 
10. Unguent, or wax mixed with. ^ larger 
quantity of oil. 



ADDEN. 



ADDENDA*. 



§1.0/* Cohmhium^ a new Metal. 



The mineral fubftance from which this new 
metal has been procured, feems to have long 
lain negleded ; as it is faid to have been fent to 
Sir Hans Sloane from Maflachufets in America. 
From the place of its origin, its difcoverer, Mr 
Hatchet, has very properly given it the name here 
adopted. 

0^2 This 

* Since the firft volume of this edition was printed off, 
the tranflator has had acceis to the knowledge of feveral 
new chemical difcoveries, which are here detailed, and 
for which he is chiefly indebted to Thomfons Syftem of 
Cpiemiftry.— T. 
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This American mineral was conlidered for 
merly as a refradpry ore of iron, bat is no 
-proved to be a metallic fait, confifting of oxy^z^ j 
ofjroiLcombined with a peculiar acid. It is o^-:--np 
a dark grey colour, with fonie refeniblance t^ ^q* 
chromat of lead, and has conilderable grayit^^gp^ 
It is hardly foluble in any of the acids ; excepr^/ 
that fulphuofc ac^d ififfo-lQ^ei i ftfi^ll jtortioh c^/ 
the oxyd of iron, which enters into its compoQ- 
tion. f ^ 

By alternately fufing this mineral with car- ^ 

bonat of potaOv, lixiviating this with water, anc| I IT 
digefting the remainder in muriatic acid, and I r 
repeating th^^ procefles in fuccefl[ion, it is at 
lait completely diflblved and decompofed. In 
this decompofition, the peculiar acid unites with 
ther'p'dtaih, from which 'it expels the- cafl>bnic 
^i'd ; and the- new neutraf fult, with bafe drf bot- 
a(h, is diffblved in the water. The muriatic acid 
diffblves the oxyd of iron. 

The neutral fait is decompofed by rvitnc actd, 
wftich^pi-ecipitates the peculiar acFd in form of 
white flakes. This acid unites, both in theory 
and 'humid way, with potafh and foda, from 

> ■ ■ • 

which it expels carbonic acid ; and with potafli 
it forms a glittering fcaly fait, refemWing- bo- 
racic acid. It does not unite with ammonia. 
Thefe neutral falfs are decompofed by/iiioft of 
the other acids ; and the precipitated acid. is re^ 

diflblved 



m 

^iflblrBfl by mians-of "beat, if the pr4t\^if^i^g 

mcid is in .tiLCt&i .catcdpt; bjsr txitric: etxi'td^ -H *ib 

like wife. 'rediflTilvcdirbyjtxcefs afjialkaB, wfeep 

prdcMpritatediochn its foloitLon in itidSyby^poin&l 

or. fiadai.'f.; .' ' ' • . ■ ■ I.' . 

The white flakey pr6cipit«tc^ mejitiowd a4 
boVci of thQ pecwUw acid no.wf tinder coftftder- 
ation, ilinfolubie in rtitric «cidi'eye« frith the 
ailiftahcc <>f hfcRt^ ,butxi5adily;diflrQives in ftilphiiJ 
ric and muriatic dgids ^ aad i$ prec^ipit^tfedfroni 
eitbet 6f thtefe-fo^tutlons, in its wbiti flaKie3?/o«rW 
by potafli. From the folution of the neutral 
falts of this acid, when affifted by the prefence 
of an acid, prufRat of pota(h gives an olive green 
precipitate, and tinc^i^ure of galls a precipitate of 
a deep orange colour. From thefe circumftan- 
ces, its metallic nature is inferred, as it does not 
appear to. have beten vhrth^ttdf.i'^aucfidjto the 
metallic form. Mr Hatchet, therefore, has cho- 
fen to: call this n^w .^^;thtCo\^n^hiQ A,(^td -^ 
and the metal, which :he fuppofes to form its ra- 
dicaU be caflfs Columbium* The mineral fub-7 
ftance froni which it is procured, i^ ther^efbre a 
colufpbaj of^iron-i and, by his .ej^periments, ia 
cpmpofed of 75 parts in the, ^00 of coiutnbitJ 
acid, and 25 parts of oxyd of iron. ; 

-When, the folution of columbic acid by ful- 
phuric acid is diluted With water, the columbic 
. • ' ■ ■ ^'0^3 icfd. 
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add precipitates of a white colour : This, on 
drjingf changes firft to blue, and afterwards to 
grey. It is likewife precipitated of a white co- 
lon r^ from its^ folution in fulphnric acid bj zinc. 
The acid folutions of columbic acid^ and the fo- 
lutions of its neutral falts/are colourlefs. 

By hydro- fulphuret of ammonia, a chocolate 

* 

coloured precipitate is thrown down, from co- 
lumbat of potafh or foda. With phofphat of 
ammonia, columbic acid melts into a purplifh 
blue glafs. It does not combine with fulphur. 



^^^^F^^v^O^^V^^ 



§ 2. Of Gafequs Oxyd of Carbon *. 

» 

r 

This gas was firil fotfted in the experiments 
of Dr Prieftley ; but remained long confounded 
with carbonated hydrogen gas, under the deno« 
mination of Heavy inflammable air, until exa- 
mined by Mr Cruicklhank, and afterwards by 
Berthollet, Fourcroy, and other French che- 
mifts. 

Carbonic 

* This gas might very properly be termed Oxy-carbo« 
nic Gas.-- T. 
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: Carbbnic bxyd gais-is i>rocured by fc Tariety. 

4>f proceiTes. By ' expofing . moifteoed charcoal, 

«t mixtures df charcoal and ineullic oxyds, pt 

<^]ckarcoal and .eaithy carbonats, to a red beat in 

iron-tubes or earthen retorts, and receiving the 

gas ih a pneomato-cbemical apparatus ; or by 

gaffing carbonic acid gas repeatedly through ted 

hot charcoaL In tbcfe proceffes, the gaibdu% 

produd (hould be niadd topafs thrbugh a. very 

thin pafte of quick-lime add Water, on purpEofe 

to abfbrb the carbonic acid; which conies over. 

along with the carbonic oxyd gas. 

This gas is permanently fclaftic. . When 
breathed, it produces giddinefs and fainting : It 
inltantly kills animals, tind does not fupport 
combuftion. Mixed with atmofpheric.air,: or- 
oxygen gas, it burns with, a lambent blue ilamey, 
and the prodvid is carbonic acid; It is. not al- 
tered by light, heat or eledlricity; or by pa^ng 
through a red-hot tube, even along with am..' 
monia; It h hot aded on by azot or fulphur^ 
#veq with the afllitance of heat It is not^ 
changed by the alkalies: ' Its fpecific grathy ir 
.00x167^ being tighter than atmofpberic air; ia 
the proportion of 32 to 23. ' 

Pbofphorus 19 diflblved in this- gas,* and the 
iiblution burns with a yellow ilam^e^ It like*^ 
wife diflblves a fmall portion of charcodv and 
thereby increafes fomewhat in volume : Indeed 

Qu4 " it 
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it^wcaxli appear, tbat carhQcni^ fufceptible of 
firttii degxees Df oxjdation'* in. the f^nsmieot 
ftate of > gas^ J i or, ki ^othec . wordsy thatithe pro* 
portions of oocygen and :Garboii9 in the. carbonic 
0»yd gas> is fubjciJl to variety:- :^ -. . . 

When equal meafurei^ of carbonic, oxyd gaa 
dnd hyd4rogen gas are made to pafs through a 
red-hot glafs-tube, the oxyd is decompbfed ; 
the charcoal is depolked like a fine black ena- 
mel on the inner fulrface of. the tube, water is 
formed^ .and an excdfs iof.hydrc^D gaai .efcapes» 
If, in this expetigcient, a fmall piece of iron be 
placed in the tub , it becomes oxydated» . 

sArcording to .the ex^periments of Mr Gruick^ 
ihsLtik^xoo iparts of catboniD oxyd^^s^coolift 
of'26ipad:&of ^riacbon, United to 74 parts of X)xy« 
gen ; : ithoa^h it lappears, froizi what; has beca 
faid aboyc; inot to be regular and permanent in 
t^iprappttion^'.ofiit^ Uements. By' the! {ame 
experiments, and thofe of the. Frencb cbqinifls,. 
it appears that charcoaV formerly by Xavoifier 
coniidered as.puce carbon, .with a. minute por^^ 
tiorijof aflie V coolQAs of 64. 31 parti of pure car- 
bon, with 135.7 of oxygen ^ and js, therefore, a 
folid oxyd of carbon. Carbonic acid, according 
tothefe lateft experimcntSi.coniifts of 18 parts 
of carbon, and 82 par-ts of oxygen :• Or^ as m 
the following Table : . . . .i. 

Charcoal 



Gafeous o;iy4 of carb9A , = ipo . ' + 3<>7-7 
Carbonic acid g9s s too • ..-f- 455^5 



. ■ . ! 



* • 
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$ 3. Of Gafeous Oxyd of Azof*. 
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Azot» like carbon, is fufceptible of combi* 
fling with two different portions of okygen, in 
the ftate of oxyd. Both of tfaefe have been long 
known, from the^ difcoveries of Dr Prieftlcy, hf 
the names of -Nitrous ga6, and Dephlogifticated 
nitrous gas \ bat the latter, of which we mean 
to give fome account in this place, has only vef yr 
latdy been accurately examined by Mr Dal^^r- 

GafeoDs oxyd jof azot is pfdcured by expo^ 
fing cryftals of nitrat of atninonia, in u retort, 
to a heat not lefs than 340^ nor above 300:^ of 
Fahrenheit. The nitrat foon melts, and is dc- 
compofed, giving out oxyd of azot, which is to^ 

• be 

■ • 

* Oxy-azotic Gas, would be a very regular term for 
this new gas. — T. 
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bQ colleded ia a pneumato-cbemical apparatus; 
It is permanently elaftic, but heayrer than at^ 
niofpheric air, in the proportion nearly of 5 to 3^ 
having the fpecific gravity of .00197. It fupi- 
pjorfs combuftion better than common air^ even 
almoft as well as oxygen gas ; but cQinbuilibles 
mud previoufly be ignited to make them burn 
in this gas. Animals live in it for fome time, 
apparently without uneaiinefs ; they foon, how- 
ever, (hew figns of reftleffhei^s, and die if not 
removed in a few minutes. 

Azotic oxyd gas is readily abforbed by wa- 
ter in coniiderable quantity, efpecially when af- 
iifted by. agitation^, and the water acquires a 
fweetiih tafte : During the abforption of thi» 
gas, the atmofpheric air usually contained ki 
the water is expelled. The whole of the azo* 
tic oxyd gas is expelled from water, altogether 
unchanged, by means of boiling. It is not al- 
tered by atmpfpheric air, or oxygen gas ; nor by 
light. Neither is it changed by any heat be^ 
low ignition ; but when made to pafs through a 
red-hot tube, or when eledric fpatks are taken 
in this gas, the arrangement of its elements is al- 
tered^ and it is changed into nitric aqid, oxygen 
gas, and azotic gas. 

Combuilible fubftances are unchanged by ex« 
pofure to this gas in the ufual temperature ; but 
all of them that have been tried decompofe it 

by 
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Tjy combuftion. If fulphur that is burning 
^with a white fiame^ be plunged into azotic o%yd 
gas^ it continues to burn with a brilliant red 
flame, till half of the oxyd is decompofed ; the 
produds are fulphuric acid and azot. Phof- 
phorus may be melted and fublimed in this gas 
without change, and will not even burn when 
touched by a red-hot wire. - But if touched 
with a wire heated .to whitenefs, it inftantiy 
takes fire, and explodes with violence j the pro- 
ducts are phofphoric acid, nitric acid, and azot. 
Charcoal may be kindled in this oxyd by a 
burning glafs, and burns with great brilliancy 
till half of the gas is decorappfed ; the produds 
are carbonic acid and azot. Hydrogen gas, and 
fulphurated, phofphoratedy and carbonated hy«- 
drogen gas, mixed with azotic oxyd gas, ex- - 
plode violently, either by means of the ele^ric 
fpark, or by a ftrong red heat. Iron-wire burns 
as readily in it as in oxygen gas. Zinc like- 
wife burns in it. It is unneceflary to particu- 
larize all the produds of thefe combuftions* 

Azotic oxyd gas, at the moment of its forma- 
tion, may be made to combine with the alkalies^ 
forming falts of a peculiar nature, which have 
not hitherto been very attentively examined* 
Thefe are certainly not neutral falts, there be-- 
jng no acid prefent^ and we have nothing yet 
quite analogous to them in chemiftry, though 

they 
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they may be faf d tb approach the nature of fwU 
phurets, pfaoipburets, and cacburets. Mr Davy 
propofes to give -them the name df nitroxij, and 
Dr ThomfoD |>tefers the term of Atotites« 
They might be denominated Qxy- aturetSi 

By the experiments^ of Mr Davy, it appearii 
that I oo parts of gafeous oxyd of azot contain 
63 parts of azot and 37 parts bf oxygen ; while 
nhrous gas contains only 45 part^of atbt in the 
100, united td 55 pairts of oxj^gen. 

* The nioft extira^rdinary propertres of gaftoad 
oxyd of azbt^ aire its effects on- mankind wh^it 
refpired. It ih4y be breathed for near . feUJ? mi- 
nutes without- daiigcr; but after that it puts a 
flop to all voluntary motions. Mr Davy thut 
defcribes its iffefts on- himfetf : 

- *^ Having* c3bfed-my noftrils, and exhauited my 
"longs, I brc^tlied four quarts of nitr(rtis oxyd 
•^ from and into a fflk bag. The firft feeliing Was 
•* giddinefs j but rn lefs than half a minute, tha! 
dimiiiifhed gntdirally, and was fucceeded by a 
fenfation analogous to gentle preflurfe on all 
** the mufcles, attended by a highly pleafurable 
•* thrilling, partrciflarry rn the cheft and extremi- 
** ties. The objefts around me became dazzling^ 
*• and my hearing more acute. Towards the laft 
" infpirations, the thrilling ihcreafed, the fenfc. 
** of mufcukr power became greater, and at laft 
** an irre-ftftrble propenfity to adron was indul* 

*» ged 






" ^ed in. I recoiled but indiftindly what fol- 
** lowed. I know fhat my motions were' various 
^* and violent. Thefe cffefls very foon ceafcd 
^* after refpiration of the gas was difcontinued. 
^* In ten minutqs I' had recovered my natur;al 
" ftate of mind. The thrilling in the extre- 
^^ mities continued longer than the other fen- 
'• fations.'* 

This gas has been breathed by many other 
perfons : On moft, limtiar efFodls to thofe Ae^ 
fcribed by-Mr DaVy, were produced; though 
fome give an account highly poetical of the 
pleafurable fenfatiohs. A few people were not 
ftnfible of any particular effefts ; and on others 
the efFeds produced were uniformly painful 
and unpleafant. Upon the whole, the e&ds 
produced by breathing this gas are fimilar tp 
intoxication ; but they dp Aot laft> and leave 
po languor nor debility* 



U' Of 
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S 4* Q^ Laccic Acidr 

This acid, or acidulous fubftance, has been de* 
tetSed by Dr Pearfon, in a kind of wax or lac, 
produced in India by an iuitOi of the tribe coccus, 
firft noticed by Dr Anderfon of Madras. This 
waxy fubllance, which Dr Anderfon calls white 
lac, when melting, gives out a reddiih watery 
liquid; fmelling like new-baked bread, and of a 
flightly faltiih tafte, with fome bitternefs. This 
faline water is the laccic acid of Dr Pearfon. 

Laccic acid gives a red cojour to paper whiqh 
is ftained with tornfole. Its fpecific gravity is 
i«o25. By evaporation, itdepofites a fmall quan- 
tity of needle-like cryftals. It may be diftilled 
without alteration. It diflblves carbonat of 
lime, or of foda, with effervefcence. Three 
grains of carbonat of foda is fufficient to neutra- 
lize five hundred grains of the laccic acid li- 
quor : The faturated folution, after filtration 
and evaporation, affords deliquefcent cryftals. 

From laccic acid liquor, lime-water occa- 
fions a light purple turbid appearance ; fulphu- 
ret of lime, a white precipitate ; tindlure of 
galls, a green precipitate ; fulphat of iron, gives 
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a purplifh colour^ but no precipitate ; acetite of 
lead, a reddifli precipitate ; nitrat of mercury, a 
^hitifh cloudinefs; oxalic acid, throws down 
white needle-Iike cryftals, probably from the \u 
quid containing fome lime ; tartarite of potafh 
gives a precipitate, iimilar to that produced on 
adding tartarous acid to tartarite of potalb* 
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A. 

ACZTic AczDy differs from acetous in having 

its bafe more highly faturated 

with oxygen j - I. 39^ 

■ its preparation and combinations, I. 389 

Acetous acid, its compoiition and combinations, I. 385 

■ - its compofition not eza£Uy afcer* 

tained, * I< ^44 

Acid, azotic, another name for nitric acid, I. 125 

- carbonic, produced from burning charcoal, L 119 

- muriatic, or of fea-falt, • I. lai 
muriatous, a rejected term, - I* 123 

- nitric, or acid of nitre, - L 126 

- nitrous, or fuming fpirit of nitre, - I. xaj 

- oxygenated muriatic, otherwife called oxy- 
muriatic, or murioxic acid^ - I. za^ 

- phofphoric, produced by burning phofpho* 
rus in oxjrgen gas, « I. xi6 

Vol. II. R Acid, 
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Acid, fulphuric, produced by combinations of 
oxygen with fulphur during rapid com- 
buftion, - - I. iiS 

■ fiilphurous, produced by burning fulphur 

flowly in common air, - L Z17 

- fuper-oxygenated muriatic, fee oxygenated 

muriatic, - - L 124 

Acids confifl univerfally of a bafe or radical com- 
bined with oxygen, - I- X15 
formation of, - - I. 49.114 

• lift of all thofe hitherto known, derivable 

from animal fubftances^ - - I. 177 

lift of, from vegetable bodies, - I. ly^ 

—*— nomenclature of, - - !• 116 

obfervations on thofe having compound 

bafes, - - I. X70 

— — table of all that are hitherto known, I. 279 

■ ■. ■ • theory of their nature and formation firft 
perfected by Lavoifier, and publiftied in 
1776, - - I. 307 

Aeriform fluids, formation and decompofition of, I. 49 
Aguftine, a newly difcovered earth, account of, I« 23 8 
Air, in the new chemical nomenclature, is ap- 
propriated exclufively to the common air 
of the atmofph'='re, - I. 99 

common, its nature and compofition, I. loo 

dephlogifticated, or oxygen gas, - I. 84 

empyreal, or oxygen gas, - I. i3. 

fixed or fixible, the old terms for carbobic 

acid gas, - ' . I. 1 13 

highly refpirable, the fame with oxygen 
gas, • • * * !• 84 

Air, 
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Air, aon-refpirable, or noxious, or phlogifiicated, 

f 

old terms for what is now called azotic 

gas, - - !• 97 

^ ■ refpirable, or vital, or fire, old terms for 

oxygen gas, ^. - I. 85. 97 

Albumen, animal, its nature and compoiition, I. 206 

■ — vegetable, its analyfis, - I. 184 
Alcohol, aeriform permanently at a moderate 

■ 

temperature, - - I. 60 

>■ compofition of, - !• 231 

Alkalies, the nomenclature of bjr Dr Black, pre- 
ferred to that of the French chemifts, I. 254 
Alloys, or combinations of metals with each o- 

ther, an account of, - I. 16S 

Amber, doubtful from which kingdom of nature 

it derives its origin, - 1. 192 

■ its analyfis not exadlj afcertained, ' I. 1J4 
Ammona preferred to ammoniac, as a ne\v term 

for what ufed to be called volatile al- 
kali, - - I. 221 
— — — chiefly procured by diftillation from 

animal fubftances, - I. 253 

■ ■ ■- — — compofed of azot and hydrogen com- 

bined, - - 1. li. 

Ammoniac, or volatile alkali, confifts of azot and 

hydrogen, - - I. 239 

Animal fluids, their nature and compofition, I. 2x0 

■ ■ folids, their analyiis, - !• 215 

■ ■ ■ fubftances, cliiefly compofed of hydro- 

gen, carbon, azot, phofphorus, fulphur, 
and lime, in various proportions, and 
in the date of ozyds by combination 
With oxygen, - - ' I. 241 

R 2 Aqua 
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Aqua regia, the old name of nitro-muriatic acid, I. x)| 
Aroma, probably an imaginary element of bodies, I* 190 
Arfeniac acid, its preparation, natare, and com- 
binations, . - L 365 
Afphaltum, its nature and compofition, - I. 203 
Atmofphere, compofed of all bodies that are fuf* 

ceptible of the gafeous form in 
the ufual temperatures, and un- 
der the common preflures, I. 74. 78* 
I ■■ formation and compoiition of, I. iL 

I probably contains in its upper re- 

gions a ftratum of inflammable gas, I. 79 
Atmofpheric air, analylis of, * J* 80 

' ■ compofed principally of azotic 

and oxygen gas, - I. iqo 

nomenclature of its confiituent 

parts explained, - I. 97 

Atmofpherical preflure, neceifary for the forma- 
tion and prefervation of liquidity, and elaftic 
aeriform fluidity, - - I. 56 

Aurum problematicum, the name of an ore of 

gold, - - I. 271 

Aufirum, propofed as the name of a regulns or 
metal faid to have been produced from mag- 
nefia, - - I. 267 

Azo-muriatic propofed inftead of nitro-muriatic, 

for the acid formerly called aqua regia, - I. 355 
Azot. meaning of it as a term, • L zox 

• firft dete£led in nitrous gas and nitric acid 
by Cavendiih, and in ammona by Ber- 
thoUet, - . !• 3*3 

table of its combinations, and oblervations 
upon them, » ^ !• 311 

Azotic 
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Azotic gtfs, the noxious part of the atmofyherei 

formerly called phlogiilicated air, • T. lox 



B. 

Balfam of fulphur, its compofition. 

Bar jtesy fuppofed to be a metallic ozyd, 

Benzoic acid, its preparation and combinations, 

Benzom acid, its origin and analyfis. 

Bile, its nature and contents. 

Bitumen, its origin and analyiis, 

Black, Dr, his nomenclature of alkalies and earths 

preferred, - . • 

Blood, its properties and analyiis, 
■■ the compofition of its albumen, 

■ '* colouring matter, 

■ craflamentum, 



m 



•- fibrin, 

- gelatin^ 

- ferum. 
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Bodies of all kinds are folid, liquid, or gafeous, in 
the proportion which exlfts between the attrac- 
tive power of their particles Ittid the repuiiive 
power of caloric, • - I. 52. 63. 77. 

Bombic acid, its preparation, analyfis, and com- 
binations, 
Bone, its analyiis, 

Boracic acid, its origin, preparation, and combi- 
nations, 
■ found in the water of fome lakes, 

Boracic radical, hitherto unknown. 
Borax, or tincal, a peculiar fait from India, 
* the meihod of purifying kept fecret, 

R3 
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BorboniuQiff the propofed name of a new metal^ 

f|jppofed to be extracted from barjtes, I. 267 

Bojles vacuum, fome experiments with, - I* 7< 
Brain, its analjils, - ^ J, 2x6 
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Calculi, or urinary concretions, their: analyfis, I. 2x5. 
Caloric, igneous fluid, matter of heat, or unknown 

caufe of heat, warmth, or temperature, I. 53 
' its combinations, - - I. 49 

■ capacity of bodies for containing, !• 67 
— — combined, or latent heat, - I. liS. 

' experiments for afcertaining its relative 

quantifies, difcharged from bodies iq 
combufiion, - L X50 

■ / free or uncpmbined, - I. 67 

—r — ^ method of determining its relative quan- 
tities in bodies, - - L 69 
, ■■ , obfervations on its combinations with 

different fubftances, r L 299 

' occafions the elafticity or aeriform ftate 

of all gafes, - r I. 70 

■ fpecific, explained, - I. 67 



Calorimeter, or inftrunient for meafuring the re- 
lative quantities of caloric emitted from bodies, 
its defcription and ufe, - II. 53 

Calx, an improper term for metallic fubftanqes 
united with oxygen, (now called oxyds), be-* 
caufe confounding them with lime or calcareous 
earth, - - I- 13 1 

Camphor, its origin and analyfis, - I. 190 

^amphoric acid, its preparatioUi analyfis, and 
f oipbinatione, '- '. I. 394 

CaputchouC| 
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Caontchouc, elaftic gum, India rubber, or lead- 
eater, its origin and analyfis, - I. 195 ■ 

Capacity of bodies for containing caloric, explain- 
ed and illuflrated, 

Carbon, its nature and combinations, 

— — fufceptible of various degrees of oxjda- 
tion and oxygenation. 
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Carbonic acid, its formation and combinations. 
Carburets, an account of their nature. 
Chalk, fuppofed a metallic oxyd. 
Charcoal, found to be an oxyd of carbon, 
Cheefe, its origin and analyfis, 
Chromic acid,its preparation, properties, and com- 
binations, - - I, 273. 4c8 
Chromum, a newly-difcovercd metal, I. 272 
Chyle, the diiTolved food of animals, fome ac- 
count of, - - I. 2x3 
Citric acid, its preparation, analyfis, and combi- 
nations, - - !• 377 
Coal, its nature, origin, and compofition, I. 193 
Colouring matter of blood, its compofition, I. 208 
— — — — — vegetables, fome account of, I. 197 
Columbic acid, its preparation and combinations, II. 245 
Columbium, a newly-difcovered metal, - II, 243 
Combufiible bodies fufceptible of different degrees 

of faturation with oxygen, - L 116 

Cryftallization, method of facilitating, - II. 88 

D. 

Decantation, how performed, - II. 74. 

Decrepitation, or method to deprive fea-falt of its 

water of cryftallization, - I. 1^0 

R 4 Deflagration^ 
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I 

Peflagrationi methods of performing experiments 

upon, - - n. %6i 

DiamoncI, fuppofed to be the perfeffly pure ele- 
ment of carbon, - I, 202* 326 
i)imenfions of bodies augmented bj tncreafed 

temperature, - • !• 49 

t)ippe1s oil, its formation and analyiis, • ' I, 222 

DilTolutioa of metals, method of performing, II. 107 
Dillillation, compound, ho^ to oirrj on, II. 99 

■ ' ■ - pneumato-chemical, infttumenta for 

the performance of, - U. H* 

"■■ >« ■ rapid, how managed, . II. 97 

?■■■ ■ ' ■■ ' liipple, inftruments for, - II. 93 

E- 

jSarths, metallic nature of, aiTerted, - I. 261 

— — — iimple fdbfiances which go under that ge- 
neral denomination, 
^{fervefcence, its nature and caufe, 
Elaflic gum, an account of, 
£mulfion, how prepared, 

^flence of aromatic vegetables, its nature, pro- 
perties, and compofition. 
Ether, aeriform in very moderate temperatures, 
r cannot be prepared on high mountains, 

■ muft become aeriform in the ftomach, 
■ -. nitrous, evaporates in lower temperature 

than fulphiiric, 
Eudipmeter, defcription and ufe of, 
[j^vaporation, how to condud in chemical pro- 

ceffes, - « - U. 84 

Extraft, or extradHve matter of vegetables, the 

^nalyfis of, • , I. 594 

F. 
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F. 

Fat, its properties and analjfis, - L axfi 

Fecula, from vegetable fubftances, the analyfii of, L x8i 
Fermentation, acetous, its phenomena and pr»- 

du6b, - I* 24a 

■■->■ putrefiEi3ive, account of, . L 257 

»■ vinous, a minute account of its 

phenomena, and inveftigation 
of the nature of its produ£b, I. 9I4 
Filtration, how performed, - II. 7a 

Fire, its eSeds in decompoiiog animal and vege- 
table fubftances, • - I. 2x7 
Flowers of Benjamin, or fublimate of benzoin, the 

fame with benzoic acid, - I. 393 

Fluoric acid, its preparation, properties, and com- 
binations, - - ^* 357 
■ ■ radical, its nature and combinations hi- 
therto unknown, - L 326 
Formic acid, its preparation, analjfis, and confbi- 

nations, - - I. 400 
Furnaces, various conftrudions of, - II. 171 
in which oxygen gas is employed^ II. 183 

a 

Gallic acid, its nature, preparation, properties, 

and combinations, - - I.' 395 

Gall-flones, their origin and analjrfis, - I. 214 

Gas, a term employed to exprefs all fub({ances in 

the elaftic aeriform fiate, - L 63 

■ firft ufed by Van Helmont, - I. 99 

in the new chemical nomenclature, expref- 
i€9 the fttlleft faturation of bodies with 

qaloric. 
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caloric, reducing them to the date of permanent 
aeriform fluidsy - • I. I0« 

Gas, alcoholicy - • L ib, 

■ ■ alkaligen, another name for hydrogen gas, I* 102 
ammoniacal, or pure ammona, '- I. 100 

aqueous, or permanent fieam, - I. H, 

aa^otic, formerly called phlogifticated air, I. 102 
ethereal, or ether in permanent vapour, I. xoo 

— muriatic acid, - - I* tB* 

Gafeous oxyd of carbon, its nature and proper- 

ties, - II. 246 

* ■ ' ■*■ azot, its dlfcovery and nature, II. 249 

. its firange intoxicating 

qualities when infpired, II. 252 
Gafes, contain a portion of water in folution, 
which muft be rigidly attended to in all 
experiments, - I. 95 

■■■ confift of a folid bafe combined with or 

diiTolved in caloric, - I. 63 

I. correflions of, relative to the degrees of 

preffure of the atmofphere, or of water 
or mercury in containing veflels, II. 38 

■■ corredions of, relative to their tempera- 
tures, - - II. 45 

■ how to afcertain their volume, - II. 29 

. feparate from each other, II. 33 

— • neceffary in all experiments with, to. take 

into account their preffure and tempe- 
rature, both before and after, - I. 9a 
.. methods for afcertaining their weights, II. 30 

■ calculating the various cor- 

reftions of their volume, 
weight, temperatare, and 
preffure, - ^ II. 47 

Oaftris 
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Qaftric liqoory its properties and analjiis, I* 213 

Gftzometer, its defcription, and diredions for its 

ufe, - - IL i8. 27 

Gazometry, or meafurement of- the weight and 

volume of gafes, inftruments for, - 11. 14 

Gelatin, or animal gluten, or glue, its analjiis, I. 207 
Glaucine, a newlj*difcovered earth, - !• 258 

Gluten, vegetable, its analjfis, - !• 183 

Gum, its nature and analjfis, • I. 180- 

H. 

Heat, fenfible, explanation of, - I. 68 

Hepatic air, or fulphurated hydrogen gas, the 

chief caufe of fetor in excrement. 
Honey, its origin and analyfis, 
Horn, fimilar in its properties and analyfis to 

bone, - - 

Hydrargyrique, reafons for preferring mercuric 

to that term. 
Hydrogen, or generative principle of water, 

• ■■ table of its combinations, with obfer- 
vations on their nature. 
Hydrometers, conftruftion and ufes of, 
Hydrofiatic balance, ufes of, 

I. 

Imperfeft vinegar, name given to malic acid by 

Hermbftadt, - - I. 375 

Ingenhouz, elegant experiment by, * I. 87 

Inftruments of chemiftry, defcription of, II. t 

■ ' for experiments on the combuftion of 

bodies, - II. 123 

y ' ■ ■ forfufion, - - II. 169 

Inftruments 
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loftruments for n^eighing bodiesi • It* j 

Iroo, combuflion of, cxplaincdt • L 88 

J- 

Jet, a fubSance analogous with coal, * I« 204 

%ing of^ mettlsy the term for goM among the a1- 
chjmiflsi - - I. 171 

• L. 

■ 

Laccic acid, procured from the white lae iniie£t, 11* 254 

La&ic acid, or acid of four whej, 

mm its combinations, 

Levigation, method of performing, 

Light, its connexion with caloric hitherto tin* 

known, - -? 

■ I ■-* obfervations on its combinations, 
Ligneous fibre, analjfis of, 
lathic acid, its origin, analyiis, and 
Lixiviation, direflions for performing, 
Lutes, compoficion and application of, 
Ljmph, a folution of albumen and gelatin, 

M. 

Magnelia, its metallic nature afierted, • L 263 

Malic acid, its preparation, analyfis, and combina* 

tions, « - I. 374 

Martial ethiops, fome account of, • I, gz 

Melilite, or htmey ftone, appears to be a neutral 
fait, containing a peculiar acid not hitherto in« 
veiligated, « 4 L 204 

Membraoei 
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Membrane, its analyfis, - - 1.215 

Menachanite, a new mineral found in Cornwalli I. 270 
Metallic bodies, general account of, « I. 2-.^ 

Metals, lift of all thofe hitherto known, • I. 260 

— ^ feveral newlj difcovered, - I. 261 

■ obfervations on their combinatibns with 

each other, • - ^•327 

■■ I. ■■ -> their weight uniformly and largely aug- 
mented by oxydation, or what ufed to 
be called calcination. 
Milk, its component parts, 
Molybdic acid, its origin, preparation, and combi< 

nations, « * 

Mucilage, its analyfis. 

Mucus, or infpiffated lymph, fome account of, 
Muria, the unknown bafe of muriatic acid^ 
Muriatic acid, its nature, preparation, and combi- 
nations, • - - I. 349 
Muriatic bafe or radical, its nature and combina- 
tions hitherto unknown, • I. Z22. 326 
Muriogen, or unknown bafe of muriatic acid, I. Z22 
Muriogen gas, has been propofed as a term for 
hydrogen gas, under the idea that it is the aci* 
difiable bafe or radical of muriatic acid, L 14ft 
l^urioxic acid, propofed as a more convenient 
term for what is called oxygenated muriatic 
acid, - - I. 124. 279 
Mufcular fibre, its analyfis, • I. 2x6 
'■■ ■ ■ > convertible into animal fat, 6r a 

fubftance refembling fperma« 
ceti| « I. 240 
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N. 

Naphthat anal/fis of, - . I. i^^ 
Neutral faltsi their denominations taken from the 
nature of the acids thej contaiuy and 

the bafes by which thej are formed, I. 285 
— — — their formation, - I* 245. 289 

Nitric acid, its nature and combinations, I. 333 

— — - how procured, - I. 331 



- radical, difcovered to be azot, - . I* 125 

Nitrogen, a term propoied infiead of azot, I. 102 
Nitromuriatic acid, its nature, preparation, and 

combiifations, I. 171, 355 

' — - gas, difengaged during the folu- 

tion of metals in nitro-muria- 
tic acid, not hitherto invefii- 
gated, . I. 355 
Nitrous gas, its nature and properties, - I. 126 
Nitroxic, propofed as a better term for oxygena- 
ted nitric acid, .. - L 279 

O. 

Oil, eiTential, its nature and analyfis, - I. 187 

^-— expreiTed, analyfis of, - I. ib» 

— — fixed, fome account of, - I* 185 

volatile, analyfis of, - I. 187 

p— — volatile animal, its analyfis, and deftru&ive 

decompofition of, . - I. 222 
Oleo-faccharum, how prepared, - I. 187 
Operations of diemiftry, ^efcription of, - II. i 
Oxalic acid, its preparation, analyfis, and combi- 
nations, - - I. 384 
Oxy-azotic gas, fome account of, • IL 249 
Oxy-carbonic gas, nature and properties of, II. 246 

Oxyd, 
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Oxyd, a general term for all bodies united with 
oxygen, in a lower proportion than is 
requiiite for converting them into acids, I. 13c 
.^•— « of azot, rcafons of the term, - I. 132 

. ' of muriogen, would be a proper term for 
water, if hydrogen gas (liould be found 
the bafe of muriatic acid, - I. 142 

——-^ of phofphorus, fome account of, . 1. 132 

of fulphur, reafon of the term, - I. ibi 

Oxydation, the aft or procefs of converting bodies 

into oxyds, - - I. 133 

Oxyds, animal, lefs known than thofe from the 
vegetable kingdom, and more com- 
pound, - . - I. 205 

— compound, or with compound bafes, ob- 

fervations on, - - I. 171 

metallic, formation and nature of^ L 129 

— ■ have various and appropriate 

colours, - !• 133 

Oxygen, its meaning as a term explained, 1* loi 

the univerfal acidifying principle, ' I. no 

— its union with combuftible bodies to 

complete faturation, for the moil pare 
converts them into acids, . I. ib. 

— — — obfervations on its combinations with 

compound radicals, - I* 3^7 

■'■ ■ — table of, and obfervations upon, its com- 
binations with fimple fubAances, I, 30 x 

' gas, the highly, and only refpirable part, 

by itfelf, of atmofpheric air, I. loi 

— — — - decompofition of, by metals, I. 139 

— carbon, phof- 

phorus, and fulphur, I, 103 

Oxygenduoui 
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OzjgenatioBi a general term, indicating the latu- 
ration of bodies with oxygen, by which they 
are converted into acids, - \ I. izx 

Ozy-muriat, propofed as a more convenient term 

than oxygenated muriat, - -^35^ 

Oxy-muriatic acid, or oxygenated muriatic acid, 
its nature, preparation, properties, and combi- 
nations, - - !• 351 

P. 

Partheniam, propofed as the name of the fnppo- 

fed metal from chalk, - • I* a^y 

Particles of bodies continually fnbjeft to the op- 

poiing powers of attraflion and repulfion, I. 51 

Perfpirable matter, from animals, its natinre and 

properties, 
Petroleum, its nature and analyfis, 
FhlogiAon of Stahl, coniidered as hydrogen by 

fome chemifts, 
Phofphorated hydrogen gas, fome account of, 
Phofphoric and phofphorous acids, their nature 

and combinations, 
Phofphorus, its difco very, 
■ its combinations, - 

■I found fometimes in charcoal. 
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Phofphurets, their nature. 

Plumbago, or graphite, commonly called black- 
lead, an oxyd of carbon, . - - J. 32^ 

Pneumato-ehemical apparatus, its invention and 

ufes, - m II. 14 

Potalhi how prepared, « L 248 

Proaimate 
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Prdximatfe elements of animal and vegetable bo- 
dies, fome account of, - J* ^79 

Fniffic acid, its bafe or radical compofed of azot, 

hydrogen, and carbon, - I. 1 74 

its preparation and combinations, !• 407 

Pulverization, methods for performing, II. 66 

Pyritei, named fulphurets in the new nomen- 
clature, - - - I. 165 

Pyro-lignoUs acid, its pre^siration, analjiis, and 

combinations, - « - I* 37^ 

Pyro-mucous acid, its preparation, analyfis, and 

combinations, - - I* 381 

Pyro-tartarous acid, its preparation, analyfis, and 

combinations, « - I* 379 

Qi 

Quinteffence of odorous vegetables, the nature 

and preparation of, - I* ^^9 

R. 

Radical vinegar, the old term for acetic acid, 

which fee, - - I. 390 

Radicals, or fubftances which are fufceptible of 
combination with oxygen, cither in the ftates 
of oxyds or acids, - - I. 2g6 

Refin, analyfis of, - - - I. 193 

Rochelle Salt, its compofition, - I. 374 

S. 

Saccharine matter, analyfis of, - I. 182 

Saccho-laftic acid, its origin, analyfis, and com- 
binations, - m I. 399 

S Salifiable 
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Salifiable bafes, or fubftances which may be 

^hanged to neutral felts by union with acid$, I, 216 
Salifying principles, or fuch chen^ical fubftan- 
ces as are capable of converting falifiable 
bafes into neutral falts; another term for 
acids, . . I. 346 

Saliva, its nature and compofition, - !• aia 

$alts, confined as a chemical term to the union 
of falifiable bafes with acids. Hence alkalies 
are excluded from the clafs, - I. 247 

Sebacic acid, its formation, analyfis, and conu 

binations, - - L 2x6. 403 

Seignette, fal de, the preparation of, - I* 374 

$erum of milk, or whey, its analyfis, I. 212 

Shells, confift chiefly of carbonat of lime, I. 2i5 

Siderite, formerly fuppofed a particular metal, I, 274 
Simple bodies, combuftion of, - L 4^ 

--^-r fo far as hitherto known, their 

enumeration and nomenclature, !• 291 
Soap, its compofition and analyfis, - !• 186 

Soda, its formation, - !• 25X 

■ ■ fuppofed to contain magnefia as its bafe, I. 252 
Solution of falts, direftions for performing, 
Spiritus re&pr, a fuppofed elenient of bodies. 
Starch, its origin and analyfis, 
Steam, equivalent to aqueous gas, 
Strontites, a newly-difcovered earth, 
Strontitic fpar, analyfis of, 
Suberic acid, its preparation, analyfis, and com- 
binations, 
sublimation, method of performing. 
Succinic a(;id, its preparation, analyfis, and com- 
^ius^tioiiSi^ 
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Sugar, analyfis of, - - I. iSa 

Sugar of milki how procurable, - L axx 
■ ■ its acid, otherwife called iaccho- 

laftic, - I. ib. 

Sulphur, where found naturally, - I« 3^9 
' its combinations with limple fubftances, I. ib. 

Sulphuric acid, its nature and nomenclature, I. xx8 

— - — its combinations, - I* 337 

Sulphurous acid, its nomenclature explained, I* X17 

■ ■ its combinations, - I. 341 

Sulphurets, their nature and properties, I. X64 

T. 

Tanin, or aflringent principle, its origin, prepa- 
ration, and properties, - -I* 196 
Tartarous acid, its preparation, analyiis, and 

combinations, - - 1. ^*]X 

Tellurium, a newlj-difcovered metal, - I. 27X 

Titanium, a newlj-difcovered metal, - I. 270 

Timgftic acid, its origin, preparation, and coni- 

binations, - - I* 369 

Trituration, method of performing, • IL 66 

U. 

Uranium, a newly-difcovered metal, - I* 268 

Uranit-oker, the ochreous flate of uranium, I. 269 

Uree, a peculiar fubftance procurable from urine, I. 2x4 
Urine, its properties and analyfis, - I, ib* 

V- 

Vaporization, method of performing, - II- 85 

Vegetable produds are moftly compound oxyds, ^^ 

chiefly compofed of hydrogen and carbon, I- 173 

Vinegar, 



• 



I 

Vinegar, procels of its formation, • -^ t. ^4 jf 
t may be produced from water ibiprteg- 

nated whh carbonic acid and alcohol, I, i6. 

Vitreous combinations, rationale of, -/ I* 283 

Watei*,^ composed of hydrogen and oxygfeii, L 147 

■ ■ ■■ ' decbmpofed by charcoal aiid iron, I. 135 

-»— — fynthetic recompofition of, - I. 144 

Wax, analyfis of, - - I. 192 

Whey, its analyfis, - - I. 211 

Wolfram, an ore of tungftein, - I. 370 

Y- 

Yttria, a newly-difcovered earth, - I, 238 

Z. 

Zircon, a newly-di£covered earth, - ,■ !• ^57 
Zoonic acid, its preparation, analyfis, and com- 
binations, - - I. 400 
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